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Introduction
1.0 Introduction

Most of us have used automated phone information systems. There is a wide variety of such systems, 
for example: government information systems, transportation schedules, airline reservation systems, 
technical support systems, voice mail systems, telephone banking, on-line trading, and university 
course registration. Anecdotal evidence suggest that, these systems are generally not liked and that 
users are often dissatisfied with them. This study sought to find some of the reasons for this state of 
affairs.

2.0 Description of Interactive-Voice Response Systems

Interactive-Voice Response (IVR) systems belong to a group of phone-based interfaces1, that is, inter-
faces in which interaction with a system takes places through the phone. IVRs employ as user-input 
the touch-toneTM technology. Wide availability of this technology in North America2 and its relatively 
high reliability make it a good choice for simple phone input. IVR systems, as the name suggests, 
respond by using voice. Thus, in IVR applications, telephone’s keypad is the input device, while tele-
phone’s earpiece is the output device. 

IVR systems can employ two main interaction styles: prompted and command-driven. In prompted 
systems, a voice menu is presented to the user who responds by pressing a key (or a sequence of 
keys). In command-driven systems, user enters commands without being prompted for them, and thus 
user must know the commands in advance. This study was focused on prompted systems, as these 
systems are much more common and are used in situations where no prior user experience or training 
can be assumed. 

Characteristics of media and devices used in IVRs as input and output, affect user interaction in an 
important way, and thus are specially significant to our analysis. Phone keypad is a limited, but well 
known input device. Therefore, we should not expect that users will have difficulties in using this 
device. On the output side, speech is serial, it takes time and is transient, that is, once uttered, sounds 
of speech are permanently gone. If needed later, information communicated by voice has to be some-
how recorded. In the absence of external aids, the recording has to take place in memory. We can 
therefore expect, that user interaction employing speech as output will be affected by the limitations 
of human working memory. 

1. Phone-based interfaces can also employ voice input, but they do not belong to IVR systems. Due to unreliable speech recognition 
systems using voice input are still not very popular. The situation is, however, starting to change recently (see also Footnote 2.). 

2. In Europe the situation is quite different (Gardner-Bonneau, et al. 1998); touch-tone is not widely available. Telephone interfaces 
have not been wide spread, and only the recent improvements in automatic speech recognition (ASR) allow for a wider use of 
phone-based interfaces.
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Study
3.0 Study

Rather than investigating one IVR system, we chose to study several systems in order to find common 
problems that are representative for this type of human-machine interfaces. Information for the study 
has been gathered by interviewing three IVR users. Additionally, further systems were directly 
explored by the experimenter. 

The studied systems included: Revenue Canada Customs Infoline, Stats Canada Automated Informa-
tion System, Ontario Fines Collection, two voice mail systems: Mitel and Octel (Bell), and a tele-
phone banking (Toronto Dominion Bank). With the exception of the voice mail systems, the studied 
systems are used on a one-time or on a sporadic basis. Users of such systems can, thus, be considered 
novices, since the effect of learning is negligible. 

4.0 The Framework for Analysis

Analysis has been performed by using a model of a user interacting with an IVR. This model is based, 
in part, on Huguenard (1997) and on some ideas from Norman (1991). The model describes steps in 
interaction with an IVR and shows implications on working memory. The model is shown in Figure . 

User is listening to menu options. Each option is being evaluated and matched against the current user 
goal, while user is listening to it. Operation of evaluation and matching may require some processing. 
According to a theory of working memory (henceforth denoted by WM) proposed by Just and Car-
penter (1992)1, both storage and processing demands determine the load on WM. Due to the required 
processing, the load of WM can temporarily increase (denoted in Figure  by WM+t) during this step. 
This increase of load can in turn lead to a failure of working memory, if the load, is over its capacity 
limit. If this happens, the previously stored chunks of information (for example, a previous option) 
can be forgotten. 

The result of matching an option to the current goal can, in a general case, be placed on a scale 
between a perfect “Match” and “No Match”. In these border cases, user action is marked by transition 
(1) or (4), respectively. Load of the WM does not change (denoted by WM0) during these transitions, 
since the selected or discarded option does not have to be remembered. Probability of a “Weak 
Match” depends both on the presentation (wording, speech quality) of menu options, and on the for-
mulation of the current user goal.

1. This work is cited here after Huguenard et al. (1997). 
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Findings and Analysis
FIGURE 1.User model 

In case of the “Weak Match” the user has two choices, take a risk and select the weakly matched 
option (2), or remember the option (3) and continue listening to further options. In the latter case, the 
weakly matched option increases load of the WM (denoted by WM+) because the information about 
the weak match has to be stored. Only weakly matched and not executed options need to be remem-
bered by the user. The choice between (2) and (3) depends on how risk averse the user is and on the 
user’s style of decision making.

This model allows us to predict situations in which interaction with IVRs can lead to user errors, and 
the type of problems that users potentially might have. Conversely, the model allows us to find expla-
nations for problems observed during user interaction with IVRs.

5.0 Findings and Analysis

This section describes six commonly found problems during interaction with IVRs, and illustrates 
them with examples from the studied systems. 

5.1 Long and complex prompts

Listening to complex options requires a lot of attention. Evaluation and matching of long and com-
plex prompts is difficult and can lead to a temporary increase of WM load. In addition to the above 
problems, the very long prompt presented in Figure 2 is always preceded by an additional, not 
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Findings and Analysis
directly relate message. Moreover, wording of this prompt does not match option names at the lower 
level. As a result of such a poor menu design, users are confused and have to repeatedly listen to this 
option. 

• For statistics on the consumer price index, population research, such as the 
cost of living, the inflation data, and COLA, as well as unemployment rates, 
population figures, or 1996 (pause in message!) census data press 1 
• For consumer price index data press 1

• 1 - 4
• For labour force data press 2

• 1 - 4
• For population estimates, births & marriages press  3
• For 1996 census  press  4

• Various Stats Canada services press 2
• To order publication press 3
• Survey respondents press 4 
• For listing of today's releases press 5
• For info on obtaining death, birth or marriage certificate press 6 
• For hours of operation press 7

FIGURE 2.An example of a complex prompt

5.2 Semantically similar menu options

5.2.1 Relative position of similar menu options

An example of closely related menu options that do not immediately follow one another is show in 
Figure 3. If the first option is only weakly matched to the user goal, then it needs to remain stored in 
WM until the next related option is played. Since the other option is so far away, the user is likely to 
select the first encountered option after listening to a few more unrelated options. This design of the 
menu options potentially introduces choice errors, or the necessity of repeated listening to all options. 

• 2 - info on payment
• 1 - the due date passed, can I still pay?
• 2 - .......
• 3 - .......
• 4 - what if I don't pay by the due date?
• 5 - .......
• 6 - .......

• Message: Press * to repeat  ( “*” does not work, menu repeats automatically!)

FIGURE 3.An example position of related menu options

5.2.2 Options semantically including one another

Another problematic situation occurs when semantically related options that include one another are 
presented at the same menu level. This situation usually arises due to wording of prompts, and not 
You have pressed an invalid key, please try again... Page 4 of 10



Findings and Analysis
due to the actual relationship between options. Two examples are provided in Figure 4 (bill payment 
includes, or may include, post-dated bill payment), and in Figure 5 (postal importation includes one 
kind of personal importation). Evaluation and matching of such options is difficult without hearing all 
of them. If user makes an early choice, it is likely to be wrong. This type of menu design can also lead 
to repeated listening of the whole menu.  

• 2 - Financial transactions
• 1 - transfer
• 2 - bill payment
• 3 - post dated bill payment

FIGURE 4.An example of semantically overlapping menu options

5.3 Menu structure

Complex menus, whether visual or auditory, always increase the difficulty of a task. Common guide-
lines and standards recommend broad visual menus and deep-narrow (3-4 items per menu level) audi-
tory menus (Norman, 1991; Schwartz and Hardzinski, 1993; Schumacher, Hardzinski, and Schwartz, 
1995; Marics. and  Engelbeck, 1997). However, according to the previous studies (reported in Hugue-
nard, et al, 1997) the choice of semantically different options, that are likely to appear in deep and 
narrow menus, takes more time, and hence, the optimal number of auditory menu options should 
depend on a particular application. 

In an example presented in Figure 5, we observe both a lot of options and a deep menu structure. This 
menu design can lead to an increased load on WM due to disambiguation processing. Futhermore, big 
number of options leads to longer menu repeat times. As a result we observe choice errors and a long 
time to complete task. 

FIGURE 5.An example of a complex menu (fragment) and of semantically overlapping menu options (1 and 4)

a 1  - p e rso n a l im p o rta tio n  &  tra v e le rs  e x e m p tio n s
a one  m essage
a 2  - com m erc ia l im po rta tion  and  expo rta tion
a 1  - cu rrency  exchange  ra te
a 1  - U S$
a 2  - Pound
a 2  - im po rt o f expo rt com m erc ia l goods , du ty  de fe rra l, 
a 1  -  4
a 3  - la te  paym en ts
a 4  - ta riffs , c la ss ifica tion s
a 5  - G ST  / H ST
a 6  - requ irem en ts  o f o the r gove rnm en t depa rtm en ts
a 7  - add itiona l top ics
a 1  - p roh ib ited  goods
a 2  - firea rm s
a 3  - 
a 0  - o the r ques tion s
a = >  goes  to  top  from  the  la s t le ve l o f m enu
a 3  - in qu ire  abou t s ta tu s o f you r po s ta l im po rt fo rm

a 4  - p o sta l im p o rta tio n
a 1  - E14  fo rm
a 2  - pe rsona l im po rt by  m a il
a 1  - 6
a 7  - add itiona l  

⌧ 1  - 3

a 3  - com m erc ia l im po rt by  m a il
a 5  - "canpas" Canada  - U S
a 6  - trade  ag reem en ts  
a 7  - cu rren t n ew s
a 8  - sy stem  fea tu re s  (he lp )
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Findings and Analysis
5.4 Prompting for actions

Prompts can be designed in an action-goal or in a goal-action format. Action tells users which key to 
press, goal tells what will happen as a result of pressing the key. According to the previous studies 
(Schumacher, Hardzinski, and Schwartz, 1995) goal-action format corresponds better to the cognitive 
makeup of the task, and, thus, it is recommended in the prompt design. In an example shown in Fig-
ure 6, action-goal sequence, rather than recommended goal-action, is used in wording of some of the 
options. Moreover, the style is not kept consistent across all prompts of this system, and some of them 
use the more proper goal-action format. As a result users make choice errors and repeatedly listen to 
the options. Additionally, this particular system did not offer return to the main menu. Therefore, 
repeating the main options required repeated calling the system. 

•  For Credit Card payment, press 1
• Press 1 if your document is entitled infraction notice
• Press 2 if your document is entitled payment notice

FIGURE 6.An example of Action-Goal versus Goal-Action prompt structures

5.5 Speech quality

Quality of speech is important for its correct perception. Speech quality has several dimensions. In a 
couple of the examined IVRs, two dimensions seemed to be particularly problematic: loudness and 
smoothness. In one of the systems (from example in Figure 5) loudness is not on the same level even 
within the same prompts. In another system, some voice responses are created based on user inputs or 
based on database contents. Such system responses cannot be prerecorded, but are created from small 
prerecorded pieces. If these pieces are not recorded at the same loudness level and if they are not 
smoothly put together, we observe an effect similar to hiccups (example in Figure 7). This makes per-
ception more difficult and requires from users more additional attention. In the case of this particular 
system, the situation is made even worse by the lack of the possibility to repeat. As a result users are 
repeatedly listening and entering the data.

• You wish to pay ^Bell Canada ^ the amount of ^ 63 ^ $ 
and ^ 93 ^ cents  from your ^ checking ^ account and for-
ward it on ^ December ^ 15 ^ 1998

FIGURE 7.An example of a system response composed of separate pieces of information

5.6 Consistency of user input

Consistency can be considered at two levels: within one system and across several applications. As 
illustrated by three examples from different systems in Figure 8, input keys for some operations, are 
not consistent within one system. Different keys are used to perform the same command (examples 2 
and 3 in Figure 8), or the same key is assigned a different, or, even worse, sometimes only a slightly 
different, meaning (example 1 in Figure 8). Placing of missing character keys (“Q” and “Z” on phone 
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Recommendations
keypads), and naming of “#” key is often different in different systems (example 5 and 6 in Figure 8). 
Lack of consistency results in choice errors, leads to confusion and requires increased attention. 

1. “#” called “return to main menu” brings back either to the very top level or to the next level 
"main” menu

2. Saving messages “9”, but sometimes “2”
3. Recording messages “R” (7), but “A” (2) to re-record
4. “#” often end of entry, one system used it as return to the main menu
5. “Q”,”Z” missing - assignment not standard
6. Naming of “#” not always standard: “number sign key” vs. “pound key”

FIGURE 8.Examples of lack of consistency in entering system commands

5.7 Summary of findings

In summary, the most often observed were the choice errors, that is, selecting by users “wrong” 
options. Mistakes were due to: inconsistencies in systems, failure of WM, misunderstood menu 
options (users could not relate their goal to the current set of choices). The same problems caused 
repeated listening to menu options and resulted in longer task completion times. As a result, users of 
the IVR systems are often dissatisfied. It should be noted, that, as predicted, the data entry errors are 
practically not observed. 

6.0 Recommendations

6.1 Consistency

First recommendation, and the technologically simplest one to implement, is to keep design consis-
tent. Consistency within one system should be obligatory in all its respects. For example, in respect 
of: user input, menu navigation, prompt format and wording. Consistency also applies to speech loud-
ness and voices used for recording of prompts. Also important is Consistency across different sys-
tems, especially in the case of systems that are used only sporadically, whereby one user is more 
likely to access several different IVR systems than one system repeatedly. This type of consistency is 
more difficult to enforce, since IVR systems are built and installed by various companies. Neverthe-
less, IVR manufacturers should follow industry and ISO standards (for example design guidelines 
published by Ameritech in Schwartz and Hardzinski, 1993).

6.2 Menu structure

Menus should be carefully designed and always brought up to date. Complex menu structures should 
be avoided. The typical recommendation (Schwartz and Hardzinski, 1993; Schumacher, Hardzinski, 
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Conclusions
and Schwartz, 1995; Marics. and  Engelbeck, 1997) for auditory menus is to design for depth allow-
ing up to 3-4 options at one menu level. This guideline should not be followed mechanically and the 
trade-off between breadth and depth of menu structure should be considered from the perspective of 
each IVR application. As argued by Huguenard (Huguenard, et al, 1997), users of some1 IVR appli-
cations may benefit from broad rather than deep and narrow menu structures. Huguenard et al. shown 
that broad menus may effectively decrease the WM load.

Users of IVR systems with complex menus may support themselves by using external aids for tempo-
rary recording of information. These aids can help users to off-load their WM.

6.3 Speech

A uniform quality of speech should be ensured in IVR systems. Transitions between prompts should 
be smooth and “hiccup-less”. 

Time is often an important factor for IVR users. It is thus very surprising, that only one of the exam-
ined systems offered optional faster playback of systems messages. Speech can be sped up to 1.5-2.0 
times without too high demands for perception and attention (Arons 1992). On the other hand, IVR 
system designers should also take into account users for whom English is the second language. This 
user population may benefit from the possibility of slowing down system responses.

6.4 Navigation control

Although this study did not focus on problems with user control of navigation, these issues have been 
indirectly mentioned while discussing other findings. In general, users should be given more control, 
for example, skipping options ahead and returning to the previous and the top menu level, should be 
available at any time. 

7.0 Conclusions

The problems observed in IVRs rarely lead to “fatal” errors, where “fatal” is used in a sense of total 
task failure. However, frequent choice errors and unnecessarily long time to complete tasks often lead 
to user dissatisfaction. 

IVRs are often introduced in the first place to the advantage of the service providers. IVR systems 
off-load human resources by moving part of interaction with customers to the automated systems. 
Oftentimes, users may have no other choice, but to use these systems. Obvious deficiencies in IVRs, 
and especially lack of certain navigation features, can make us wondering, whether these are design 
features introduces with the purpose of effectively limiting user time on-line. 

1. Huguenard used in his experiment a university course entry system.
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Recent rapid development of information services provided through the Web may decrease with time 
the significance of IVRs. However, phones with touch-tone still remain much more ubiquitous than 
web access devices. Moreover, there are projects underway that aim to integrate web access with tele-
phone access and to offer web browsing through the phone interface (Atkins, et.al, 1997). Thus, IVRs 
are not disappearing due to the fast growth of the Web, they can be seen rather as complementary way 
of accessing information. In the near future, the role of IVRs is likely to increase rather than to dimin-
ish. It becomes therefore crucial to improve usability of IVR systems, to introduce user-centered 
design practices and to follow IVR design standards.
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