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        The think-aloud protocol (Ericsson & Simon,  1985 ) has participants talk  while  
doing the behavior of interest. While this approach is often used, speaking aloud 
during the activity can introduce social, cognitive load, and attention aberrations, 
creating a somewhat unnatural behavioral response (   Dickson, McLennan, & 
Omodei,  2000 ; Wilson,  1994 ). On the other hand, as Ericsson and Simon points out 
( 1985 ), Ericsson ( 2006 ), in the retrospective cued recall (RCR) approach, the 
amount of time that passes between mental action and recollection of that action 
necessarily introduces artifacts of memory and post-event processing that interfere 
with accurate recall. Neither is perfect. 

 With all this in mind, retrospective analysis is a methodology for conducting 
studies where the participant does their normal behavior without taking any disrup-
tive action such as writing a diary entry, talking about their behavior, or responding 
to an interruption. RCR methods can be used to reconstruct participants’ behaviors, 
rationales, affective reactions, and responses for events that have been recorded. 
In essence, a RCR method is whenever the participant is later asked to recall (or 
explain) their earlier behavior when prompted by cues such as images taken during 
their behavior, videos of the event, eye tracking showing what they were looking at 
during the task, etc. The central element of a study is that have important recollection- 
aiding cues have been captured during the experience and then used in post-event 
discussion and analysis. This method of gathering user behaviors is remarkably 
accurate when recollection cues and interview methods are well designed, even 
when there are fairly lengthy delays between action and recall. 
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    Retrospective Methods: Introduction 

 Traditional HCI study techniques tend to be very active, in the moment, and event 
driven, using many of the methods described in the chapters of this book. The anal-
ysis of events that have taken place during the course of an HCI study or experiment 
over a longer period have largely been diary studies (   Czerwinski, Horvitz, & 
Wilhite,  2004 ; Rieman,  1993 ) experience sampling (Hektner, Schmidt, & 
Csikszentmihalyi,  2007 ; Larson & Csikszentmihalyi,  1983 ), or log data analysis 
[see Chap. “Understanding Behavior Through Log Data and Analysis”]. 

 By contrast, while in-lab usability studies are effective at discovering some kinds 
of UI use patterns, it is notoriously diffi cult to track the more naturalistic, longer- 
term behavior of users in the lab or in the wild (Russell & Grimes,  2007 ). Specialized 
tracking devices, such as diaries (physical or online) or interruption studies (such as 
“experience sampling methods”) (Brandt et al.,  2007 ; Kuniavsky,  2003 ) can all 
materially affect user behavior by continually reminding the user that their behavior 
is being tracked and monitored. The very fact that the participants are in a labora-
tory setting (see, the Hawthorne effect (McCarney et al.,  2007 )), or that they are 
consciously updating a diary, can lead to important changes in their behavior 
through observer-expectancy effects (Steele-Johnson,  2000 ). 

 Similarly, log data analysis alone does not provide insights into user motivations, 
nor are logs capable of providing much context about what a user did before, during, 
or after, particularly when the behaviors of interest take place outside of the system 
under study. 

 Diary studies and interviews are diffi cult to sustain for a long period of time 
since they rely on participant motivation, which tends to decline as the study con-
tinues (Blackwell, Jones, Milic-Frayling, & Rodden,  2005 ). Furthermore, diaries 
and interviews tend to focus on specifi c events and tasks and therefore limit obser-
vations to the specifi c tasks or events, which is not ideal for studying behaviors 
where users are passively watching or infrequently interacting, instead of actively 
interacting. 

 For cases where observations of normal, non-lab user behavior is desired, and 
where researchers are interested in the context and motivations of participants in a 
study, retrospective methods are often useful techniques to consider. These methods 
are particularly useful when it comes to the need for understanding user perceptions 
and the ability to observe the context of user activity that is not triggered by an event 
or task. 

 Let us begin with a defi nition of these methods:

    Defi nition : a  retrospective  study is one that records data about the behavior of the 
participant(s) over some period of time. This study-period data is reviewed by 
the participant afterwards, with the participant providing context and commen-
tary on their behavior as prompted by examining the data that was collected dur-
ing the course of the study.    
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 A retrospective study is defi ned by several important experimental design 
dimensions:

    1.     Data collection : the way in which data (and what type of data) is collected for 
later review by the participant.   

   2.     Study duration  (varying from minutes to days).   
   3.     Review instruments ,  interview methods, and process  used by the participant to 

elicit recall of prior events.   
   4.     Sampling frequency  of data collection (samples/time-unit).   
   5.     Delay of review after collection : how much time has elapsed since the data was 

collected and the samples reviewed.     

 In this chapter, we provide an analysis of retrospective methods in HCI, fi rst 
discussing the nature of human memory vis-à-vis retrospective recall, then outlining 
the methodologies used for conducting retrospective studies, presenting a sample 
retrospective study analyzed along the dimensions given above, concluding with a 
review of the features and challenges that come with the methods.  

    Human Memories and How They Work 

 The retrospective analysis approach takes advantage of the well-known human 
 ability to visually recognize images of earlier situations they had been in, and com-
ment on them. Images, particularly images of an environment (e.g., the computer 
screen) that have been created as part of the normal course of work, are particularly 
powerful at bringing about recall of the situation at the time (Brewer,  1986 ,  1988 ). 
Images, especially when used during post-study interviews with the participants, 
can give an improved view into what was happening in the actual setting of use with 
nearly imperceptible intrusion. This human ability to recall situational information 
when retrospectively cued by some data, sound, or visual imagery obtained at the 
time is the key to these methods. 

 Yet, at the same time, human memory is notoriously fragile and subject to many 
kinds of recall errors; memories are often imbued with a sense of accuracy and qual-
ity they actually lack (Roediger & McDermott,  1995 ). A good understanding of the 
ways in which memory is subject to alteration can help us design retrospective 
methods that yield useful data for HCI studies. Important factors from these mem-
ory studies are the tendency:

    1.    To reconstruct a memory of a prior event according to a widely held, prototypi-
cal pattern of this event category (   Van Boven et al.,  2009 ; Schacter,  2001 ) rather 
than by accurate recall of the actual events.   

   2.    To follow the researcher’s lead in answering questions about the event (Steele- 
Johnson,  2000 ; Weisberg, Krosnick, & Bowen,  1996 ).   

   3.    To make associations about events based on perceived similarities between the 
recalled event and other, similar experiences that infl uence memory of the event 
to be similar to those previous events (Underwood,  1965 ).    
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  One of the key techniques for avoiding false memories and improving accuracy 
in recall is to use  cueing  techniques. Cues are used in retrospective studies (usually 
images or videos) from the record of the participant’s behavior. It has become clear 
that even highly meaningful events will be inaccurately recalled if there is no cueing 
to orient and remind the participant about the event and that giving cues improves 
the accuracy of recall (Lamming et al.,  1994 ). Shiffman et al. ( 1997 ) demonstrated 
the poor quality of retrospectively recalling behaviors from 12 weeks ago, even 
though when the events in question were actively logged by the participant on a 
personal handheld device, the act of simply  recording  an event seemed to have little 
impact on quality of recollection. By contrast, actually  seeing  contextually appro-
priate cues that capture salient cues of the time, place, and activity is an important 
piece of the method. 

 Given that the accuracy of uncued memory rapidly deteriorates after about 1 day, 
there is good reason to wonder about the accuracy of retrospective recall. Some 
critiques of retrospective methods question their accuracy when the recall is from 
more than 1 week in the past and when the recollection is performed without the use 
of cues to support recollection (such as with post-event interviews and surveys) 
(   Novick, Santaella, Cervantes, & Andrade,  2012 ). However, the careful use of recall 
cues derived from the participant’s own history has been shown to lead to more 
accurate and useful recollections from some time in the past (see Sect. “A Sample 
Retrospective Analysis Method” below). 

 Consequently, setting up the method of a retrospective study requires attention to 
the details of data collection and event review with the participant to avoid introduc-
ing false memories, or asking the participant to recall more than they can accurately 
report upon (Loftus,  1996 ).  

    Earlier Retrospective Work 

 There is a long tradition of using photos of key events to cue retrospective memo-
ries. Collier ( 1967 ) is mostly closely associated with the photographic technique in 
anthropological settings, when photos are used as both prompts and foils to elicit 
memories and context around some circumstance.    Van Gog, Paas, and Van 
Merriënboer ( 2005 ) reports on the tradeoffs involved in using concurrent versus 
retrospective reporting of problem solving behaviors, ending with the observation 
that a retrospective recall is often preferred to avoid interfering with the problem- 
solving process as it occurs. 

 The idea that images can also be used for HCI recollection purposes can be seen 
in the work of Van House ( 2006 ) and Intille, Kukla, and Ma ( 2002 ), although these 
(and other similar systems) capture images of the world context, and do not provide 
the detailed internal tracking of events in the user’s experience of the online world 
as a logging system could. 

 There have been a variety of retrospective methods developed to understand 
behavior by looking back at their performance. Here we discuss logging tools to 
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track user behavior for later analysis by the participant, video recording and 
 playback, eye tracking with post-task commentary, the Day Reconstruction Method 
(DRM), and the Experience Sample method. 

  Logging : Many systems have been built to unobtrusively log user events over time 
for later analysis. These range from the obvious logging analysis systems of Web 
behavior to client-side tooling that records user behavior in great detail, allowing 
the user to look at their behavior afterwards and comment accurately on what (and 
why) they were acting in a particular way. 

 LogViewer (Blackwell et al.,  2005 ) is a tool that logs user events and screen 
images in Web behavior for later analysis. LogViewer also creates a tree analysis 
visualization of user behavior to track which clicks generate which subsequent Web 
page views. Their data was primarily intended to facilitate the tracing of user behav-
ior—how many times was the back button used to return to earlier pages, and how 
user navigation is organized in terms of landmarks pages, etc. They also interviewed 
their participants with the screen captures as cues, but with a focus on gathering 
contextual information to aid in their application redesign purposes. 

 Kellar, Watters, and Shepherd ( 2006 ) built a logging system is attached to a 
customized browser (a modifi cation of Internet Explorer) that allowed the user to 
label their own behavior as they completed tasks. As with all systems that ask for 
manual labeling in near real time, the presence of the logging system is hard to 
ignore, and Kellar points out that there is good evidence that users modifi ed their 
behavior because of its presence. This system was also used as an object of discus-
sion in the retrospective style, but again, the focus was on accurately labeling 
sequences of behaviors, rather than using the event log as a cue for recollection of 
overall behavior. 

 Other loggers such as (   Al-Qaimari & McRostie,  1999 ; Chi, Pirolli, & Pitkow, 
 2000 ; Jones, Milic-Frayling, Rodden, & Blackwell,  2007 ; Siochi & Hid,  1991 ) log 
events for later analysis and are intended to support the understanding of user 
behavior in search and information browsing tasks, often coordinating the log data 
with other kinds of user data (e.g., fi eld observations). See (   Ivory & Hearst,  2001 ) 
for a summary of many such tools developed for tracking and logging Web behavior 
to improve usability analysis. 

  Video : (Capra,  2002 ) developed and evaluated a retrospective analysis version of the 
self-reported critical incident technique. In this study, researchers showed partici-
pants a video replay of their entire working session, asking them to detect and 
describe critical incidents as they observed them in the video. 

 To speed up the process and simplify the interaction from the participants per-
spective (Akers, Simpson, Jeffries, & Winograd,  2009 ), logged critical events in a 
participant’s use of the CAD solid modeling system SketchUp. Each critical event 
was then automatically extracted from the video 20 s around each incident. After the 
entire task was completed, the participants answered a series of questions about 
their performance while watching the video clips of each incident. This approach 
gave the participants enough visual context, and enough perspective (coming after 
the task was completed), to be able to explain why this moment was a crucial inci-
dent for them. 
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 In these uses of video as the cue stimulus, the events in question were freshly in 
mind (having just been completed) and the participants were able to comment on 
their performance in accurate and useful ways. 

  Eye tracking : Tracking a participants’ eyes as they perform a task gives another kind 
of video trace that can be used to elicit information [See Chap. “Eye Tracking in 
HCI: A Brief Introduction”]. When gathered shortly after the completion of the 
task, a participant can narrate what they were spending their attention on, and why. 
Hyrskykari, Ovaska, Räihä, Majaranta, and Lehtinen ( 2008 ) and Guan, Lee, 
Cuddihy, and Ramey ( 2006 ) both use eye tracking video as cues to help participants 
describe their visual motions in broad-brush terms. By comparing subjects’ retro-
spective narration with their eye movements, they found the post-event accounts to 
be valid and reliable, providing a useful account of what people paid attention to 
while completing tasks. They also found that this has a low risk of introducing fab-
rications, and is unaffected by overall task complexity. 

 Eye tracking can also be used to have people retrospectively comment on what 
was noticed, or not, in a user-interface. Muralidharan, Gyongyi, and Chi ( 2012 ) 
describe a retrospective think-aloud protocol (RTA) where, immediately after the 
tasks, participants were asked to take the researcher through what they were doing 
while watching a replay of a screen capture (with eye tracks) of their tasks. The 
researcher would ask probing questions for clarifi cation, and then move on to talk 
about another task. 

 If the participant never mentioned the features being tested (even if the feature 
was always visible in all of the tasks), the researcher would return to a screen cap-
ture, point out the UI feature explicitly and ask a series of question: “What is that? 
Did you notice it? What does this element of the user interface suggest to you? Tell 
me what you think about this.” The goal was to learn what the participant thought 
the feature was, whether it had been noticed at all, to understand whether or not they 
perceived it as useful, and why. 

  Day Reconstruction Method : Another approach that has been used extensively in 
psychology studies is the “Day Reconstruction Method” (DRM). As introduced by 
Kahneman, Krueger, Schkade, Schwarz, and Stone ( 2004 ), the DRM combines the 
advantages of an offl ine method with the accuracy of introspective approaches such 
as Experience Sampling (described below). 

 A DRM study asks participants to reconstruct their daily experiences as a con-
tinuous series of episodes, writing a brief name for each one. Experiential episodes 
are recalled in relation to preceding ones, which lets participants draw on episodic 
memory when reporting on the experience (Schwarz et al.,  2009 ). To minimize 
retrospection biases, the DRM is typically conducted at the end of a reported day or 
at the beginning of the next day. Hence, participants are better able to capture the 
properties of a single experiential episode, avoiding inferences from their global 
beliefs about the experience. The DRM method works well when the participants 
understand the nature of what the study is about (for instance, if it is trying to cap-
ture their hedonic experience of a particular system), but less well when the research 
questions are about their experience over multiple days. 
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  Experience Sampling : The “experience sampling method” (ESM) can be thought of 
as a diary study where the diary entries are driven by some external signal, typically 
a beeper, phone message, text message, or another way to remind the participant to 
fi ll out a questionnaire about their experience at that moment in time (Kuniavsky, 
 2003 ; Larson & Csikszentmihalyi,  1983 ). A modifi cation of the ESM method that 
makes it much more like a RCR method is “Image-based experience sampling and 
refl ection” (Intille et al.,  2002 ), where a still image (or short video clip) of the par-
ticipants environment is captured at the sample moment, and then later refl ected 
upon for subsequent analysis.  

    A Sample Retrospective Analysis Method 

 Our use of the tool IE-Capture (short for Internet Explorer Capture) (Russell & 
Oren,  2009 ) illustrates a retrospective method in HCI. This was a browser add-on 
that captured not just moments in a user’s behavior of a Web browser but also, cru-
cially, complete screen images (the entire screen extent—more than just the Internet 
Explorer (IE) window being used to work on the Web). Having the complete-screen 
proved valuable for helping the participants recall their behavior accurately. 

 In terms of the methodology design dimensions mentioned above, IE-Capture had:

 –     Data collection : complete screen captures, URL, time-stamp; triggered by the 
completion of the loading of a Web page in the browser.  

 –    Study duration : varying from 1 to 6 weeks (mostly 2 weeks in length).  
 –    Review instruments : the collected screenshots were reviewed with a custom-built 

data viewer (see    Fig.  3 ) that allowed the participant to browse forward and back-
ward in time through the collection. Each screen capture occurred whenever a 
Web page completed loading, so the sampling frequency varied depending on 
the participant’s use of the Web. Typically, this would measure in the many hun-
dreds over the course of the study.  

 –    Sampling frequency : samples were collected on-event (at document-load time) 
whenever the participant was using Internet Explorer as their browser.  

 –    Delay of review : 1–6 weeks (most often 2 weeks) after data collected.    

 IE-Capture was designed to help us to understand how search-engine users 
would approach questions that required a long effort over time. By their nature, such 
tasks are diffi cult to capture in laboratory settings; an unobtrusive data capture 
method was needed, and hence the creation of the logging system that could be left 
in place without any intervention on the part of the participant. 

 However, a key to this research study was to understand  how  participants thought 
about and framed questions as they went through their research process over hours, 
days, and weeks. In this study, IE-Capture logged screenshots for a period of 2 
weeks (sometimes longer); then a retrospective review was held with the participant 
in their home or workplace. As seen in Fig.  1 , a series of whole-screen captures 
were collected for the interview. An individual frame of that sequence can be seen 

Looking Back: Retrospective Study Methods for HCI



380

in Fig.  2 . With all of the additional visual information available (such as which 
applications are open, which documents are visible at the same time, the state of 
work in progress), the participant can recollect what was going on at the time from 
many different cues.

    During the interview, the participant would review the collected series of screen 
captures, providing the backstory in response to questions asked by the interviewer. 
Since the number of screen images and logged events could be in the large hun-
dreds, the researcher would select a sample of the events to review in detail. 

 As is typical for RCR studies, the interviewer began by acquainting the partici-
pant with the review instrument operation (how to move forward and backward in 
the sequence of captured screen images) and then setting the context by reviewing 
the very earliest data collected in the study. Then, a series of semi-structured review 
questions were asked, determining the properties of the experience during the study 
period, elaborated in the next section. 

  Fig. 1    A series of screen snapshots used in a post-event retrospective interview. These kinds of 
captured cues support accurate recall by providing a great deal of context to the participant, 
 allowing them to reconstruct what was happening at the time of the events in question (In this case, 
the browser is maximized to full screen size)       
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  Interview questioning procedure : At the beginning of the interview, after  introducing 
the review tool and reviewing the fi rst day of collected data, the experimenter would 
view selected visits each day in the log with IECaptureViewer, our tool to view and 
scroll through the data logs and screenshots (see Fig.  3  for IECaptureViewer). Since 
this was a study investigating how well people could remember their search tasks, 
nearly all participants had searches on days that we probed. In the few missing 
cases, we used the next prior search event (e.g.,  substituting day 3 for day 4).

   For each of the days in question, the experimenter would jump to the fi rst search 
query made on that day and show it to the participant. (Note that “jumping” to the 
screen image in question was important, as to avoid showing the participant later 
screen images that would have shown them the sequence of events.) 

 The experimenter then asked the participant to describe “what happened next in 
the search process.” The participant was instructed to describe the next event if they 
felt “reasonably confi dent” that they knew what happened, in particular, focusing on 
what search terms were used, and whether or not that particular next search was 
successful. 

 While the participant was not prompted for a particular kind of answer, we noted 
possible variations on their answer. Was the search successful with this query alone? 
Did the participant have to continue searching after this point in time? If they con-
tinued, did they have to continue refi ning the current query or do something else 
entirely? This free form question made it easy to assess whether or not the 

  Fig. 2    The choice of cue stimulus is crucial in being able to elicit high quality retrospective 
 recollections. In (Russell & Oren,  2009 ) the user’s entire desktop image was used as a cue to ask 
questions about overall task intent and search behavior. Cue stimuli with less contextually useful 
information (e.g., only the browser screen image) were not as successful, and led to lower quality 
retrospection data       
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participant could recall the situation at all since we had data on what actually did 
happen next. 

 If the participant could not recall, then the experimenter would go forward in 
time, showing them one event image after another, pushing forward in time, until 
the participant could recollect what was going on and was able to predict what the 
next search event would be. 

 We were interested in measuring the participant’s ability to speak accurately 
about the next major event in their search process. That is, having cued their mem-
ory of an event, we measured their ability to recall the next step in the process. (For 
example: looking at a screen image from 6 days ago, the participant would be asked 
“What’s the next search you did after this point?”) In nearly all cases, the assess-
ment by the researcher of the participant’s memory was clear and evident: either the 
participant could accurately predict what was coming up in the log, or they just 
could not say. Only rarely did a participant guess and feel confi dent; when they 
guessed, they would say so and express a lack of confi dence in their prediction. 

  Results : For each participant we had two measures—the number of correct predic-
tions based on a cued recall, and the    number of times they had to go to a previous 
page before they could recollect what was going on in the search (see Fig.  5 ). A 
good recollection happens when the participant can accurately recall the next search 
event after just one or two “cue” screen images. 

  Fig. 3    IE-Capture Viewer—a tool for reviewing the participant’s log and screen images for 
 discussion and retrospective cueing. The participant’s screen image is visible in the center of the 
display, with the stack of windows present at the time of screen capture, an essential part of cueing 
for long-term recall. The lists on the  right hand side  are for quickly moving among the log events 
and captured images for discussion purposes with the participant       
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 As can be seen in Fig.  4 , the majority of participants could accurately recall the 
next search event after the probe within the past 4 days. This is not terribly surpris-
ing, given that searches are relatively infrequent. In this participant pool, the aver-
age number of searches per week was 11. A search done 3 or 4 days ago is relatively 
recent and is memorable (and recallable) by its relative rarity among the total num-
ber of Web interactions in that time, and its distinctness (a search is an event that 
requires explicit interaction to achieve some goal).

   However, as we tested farther into the past (6 days and 7 days out), participant 
recall was still quite good. Even after nearly a week, participants were able to recall 
the next search event correctly around 75 % of the time. With the additional prompt-
ing of advancing to the next page in their cached screenshots using the IE-Capture 
viewer, participants could recall their next search event accurately after seeing only 
three additional screen images taken from the log/screen fi les. (Remember that the 
cue screen images are usually  not  search events, but usually just the next Web page 
that the participant visited.) 

 It was clear during the interviews that participants really could recollect not just 
the next event, but also how this search fi t into the larger story of what was going on 
at the time. Even for events 7 days in the past, participants were able to not just make 
a prediction about the next event, but also complete the story and say whether or not 
the entire task (of which search was just a part) was successful or not. We viewed 
this “story ability” as suggestive that the entire sequence of behaviors was being 
recollected, and not just the single search event in isolation. The relatively high 
accurate recall rate after cueing also suggested that more than just one frame of the 
sequence was necessary for context restoration—a few images in sequence seemed 
to work the best for accurate recall. As is shown in the context capture method of 
(Akers et al.,  2009 ), truly effective retrospective analysis means capturing the  con-
text  of use over time, as well as memorable instances with visual context. 

  Fig. 4    The number of correct next event predictions drops below 86 % for events 2 days in the 
past, but is still at 75 % correct for events that are 7 days in the past       
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 Intriguingly, during the interviews, participants seemed able to speak with 
 assurance about what had happened even quite a while ago. But questions about the 
accuracy of the recalled memories worried us. As we can see in Fig.  4 , while accu-
racy drops off as the events become more distant in the past, within the weeklong 
period we tested, accuracy rates were quite reasonable. 

 It became clear to us that some kinds of questions are more easily answered than 
others. In general, broad descriptions of what kind of thing happened next (e.g., 
“And then what did you do?”) were more effective than asking highly detailed ques-
tions (e.g., “What was the next query you performed?”). It also quickly became 
evident that participants were not only able to make accurate recollections about 
particular events for which they had not been preconditioned to attend, but that it 
was the presence of the cueing screen images that was causing the effect. More than 
one participant commented on the how simple it was to remember what had hap-
pened then. Because they could often see other windows in the background (the 
corner of the Excel spreadsheet, say) those small peripheral cues would give them a 
distinct sense of time, activity, and place (Wilson, Evans, Emslie, & Malinek,  1997 ).  

    Retrospective HCI Methods: Three Time Spans 

 In HCI, retrospective studies have been used to elicit refl ections from study partici-
pants on time scales varying from minutes to weeks. Because retrospective memo-
ries (and the refl ections elicited) vary so much by the amount of time from the 
original event, it is useful to divide retrospective studies into three categories: Each 
time period has a distinctive character, with particular challenges and properties.

    1.     Short-term studies  (study period <2 h; the retrospective is gathered immediately 
after task) are typically performed in usability labs, often with the retrospective 
gathered by a think-aloud protocol as the participant observes a playback of the 
actual study as captured by video recording of the participant, their screen behav-
ior, or their eye movement behavior (Guan et al.,  2006 ; Hyrskykari et al.,  2008 ). 
While such studies can be valuable for understanding the instantaneous motiva-
tions and reasons for making the choices they do, the temptation is to ask the 
participant to tell “more than they can know” about their performance. By asking 
for motivational responses to behavior that might be not open to conscious 
understanding (such as “why did you choose to read that particular passage”), 
the participant might easily fall into rationalization about prior behavior that is 
actually only inadequately remembered. On the other hand, different attributes 
of the interaction (e.g., why a particular behavior strategy was followed) that are 
explicitly informational (rather than motivational) can still be commented on 
accurately (Kuusela & Paul,  2000 ).   

   2.     Intermediate-term studies  (study period ≥2 h, <2 days; retrospective gathered 1 
or 2 days after completion). These studies are currently somewhat rare in the 
HCI literature, but strike a nice balance between the accuracy of immediate, 
short-term labs studies versus the long term studies required to gather enough 
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rare events, like errors. Studies that run for 1 or 2 days can be naturalistic in ways 
that the short-term studies are not, because they are conducted in lab settings 
under tight time constraints.   

   3.     Very long term  studies (study period >1 day; retrospective gathered 1 or 2 days 
after the end of the study). For retrospective studies over a long term, the partici-
pant cannot ignore the memories and experiences that have happened since the 
study period. The participant knows how it all turns out, so every recollection 
will be informed by that knowledge. This effect can be useful (by giving a report 
about the outcome of actions taken and decisions made), but it can also lead to 
the “irresistible tendency for subjects to clean up their act and to describe a more 
coherent and well-thought-out strategy than is normal” (Kuusela & Paul,  2000 ). 
Longer-term studies often use daily debriefs of the participant by the researcher. 
Remote-usability studies sometimes follow this daily check-in protocol as a way 
to keep in touch with their participants, growing a rapport with them and learn-
ing additional information that is nominally outside the scope of the study 
(   Brush, Ames, & Davis,  2004 ). Furthermore, retrospection from several days in 
the past is also subject to bias effects—forgetting of the options  not  explored 
(and in particular, options that we considered at the time, but that left no trace in 
the cueing record), current mood, and beliefs acquired since the study period 
(Schacter,  1999 ).      

    Evaluating Retrospective Methods in HCI 

 Many HCI studies have a retrospective aspect to them. At any time a study that has 
a performance component followed by an evaluation that occurs a signifi cant 
amount of time after the performance is effectively a retrospective study, even 
though it may not be labeled as such. (And, in particular, most studies of this sort 
are not  cued  retrospective studies.) However, many research works in HCI have 
some aspect of retrospection, for example, when a survey is given to a user popula-
tion that asks them to refl ect on their experiences with experimental software, or 
when a longitudinal study asks questions about earlier uses of the system under 
study (both of these are retrospective analyses) (Jain & Boyce  2012 ). 

 What about retrospective studies is broadly useful to know for HCI practitioners? 
We believe that there are two answers. First, what kinds of biases and response 
effects occur as a result of the passage of time over the course of a study? And sec-
ond, how do the experimental methods used infl uence the validity of the retrospection? 

 It is useful to consider a retrospective study in terms of the important experimen-
tal design choices (briefl y described in Sect. “Earlier Retrospective Work”, above),

 –     Data collection:  how will the data be collected and what kinds of data will be 
collected? Automatically? Or will it be collected by manual intervention (as in 
the DRM and manual labeling methods)? To what extent will manual annotation 
interfere with the actual behaviors under study?  
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 –    Study duration : how long will the study run? Longer runs have the advantage of 
collecting larger amounts of data, and thus have a higher chance of observing 
events of real interest, but this interacts with longer term biasing effects.  

 –    Review instruments : how will the participant and the researcher review the data? 
Usually some kind of playback system is needed to select salient episodes or 
events from the data stream. Such playback systems need to have the ability to 
“jump to” the prompt of interest without revealing any of the interstitial events. 
(This avoids giving the participant unanticipated cues which would then degrade 
the value of the recall).  

 –    Sampling frequency : what data sampling rate should be expected and what events 
cause the data to be collected? Will it be random time sampling (à la ESM), event 
driven (e.g., by a user action being taken), or periodic (e.g., every hour or at the 
end of the day).  

 –    Delay of review : when will the data be reviewed with the participant? Periodic 
reviews are useful for longer term experiments, but it becomes diffi cult to avoid 
giving the participant subtle clues about what kind of behaviors are the “right” 
ones (or the opposite—it is diffi cult to not reveal with responses are surprising 
from the researcher’s perspective).    

  Can retrospection bias be useful ? One may wonder how much retrospection 
biases infl uence the accuracy of recall, even during RCR studies. As we have seen, 
bias is inevitable over the passage of time. But there is an important way to consider 
this bias:  The memory is what matters . The veridicality of reconstructed experiences 
can be of minimal importance as these memories will guide future behavior of the 
individual and will be communicated to others (Karapanos, Zimmerman, Forlizzi, & 
Martens,  2009 ; Norman,  2009 ). In other words, while what participants remember 
might be different from what they experienced at the time, memories that are consis-
tent over multiple recalls provide valuable information about future actions. In effect, 
the memory (no matter how inaccurate), and not the actuality of what happened, 
becomes the basis on which future decisions are made (Karapanos et al.  2009 ,  2010 ). 

  The infl uence of retrospective experimental methods . As is true with most psycho-
logical or HCI experiment designs, the experimental methods used during retro-
spective studies can have a profound infl uence on the results. Even time-honored 
experimental design patterns can be infl uential. It is well-known that even some-
thing as simple as  assigning  tasks to participants (versus having them use their own, 
ecologically valid and personally important tasks) can heavily infl uence outcomes 
(Russell & Grimes,  2007 ). Likewise, choices in retrospective experiment designs 
can be highly infl uential as well. 

 We found, for instance, that the choice of cues gathered for recall purposes can 
spell the difference between no useful results and highly reliable results (Russell & 
Oren, 2010; van den Haak, De Jong, & Schellens,  2003 ). In an early (and naïve) 
version of our study, we tried cueing previous behavior recollection with the search 
queries presented as strings and associated dates (e.g., “You searched for {Vancouver 
hotel OR B&B} on Nov 7, 2007. What was your next search for?”). We quickly 
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found that such cues are effectively useless as memory prompts—people simply 
cannot remember their Internet searching behaviors with probes of this kind. 

 When we switched to capturing just the browser window (as seen in Fig.  5 ), recall 
clearly improved, but the recall error rates were still fairly high. The fairly small 
switch of capturing the  entire screen  (rather than just the browser window) ended up 
also triggering memory for a good deal of additional task context information.

   The experimental protocol must also include methods to validate that the behav-
ior recalled by the participant is actually the behavior that was performed. As is well 
known from the design of surveys [cf. Chap. “Survey Research in HCI”] (Holbrook, 
Green, & Krosnick,  2003 ), biases in recollection also occur as a consequence of 
trying to conform to social expectations, simple satisfi cing, pleasing the experi-
menter, or to rationalize behavior that seems awkward in after-the-fact review.  

    Pragmatics of Using Retrospective Methods 

 While an entire book could be written just on good experimental practices for retro-
spective methods, a few pragmatic guidelines will be useful for the practitioner. 

  Choosing good cues : When designing a retrospective study, it is important to cap-
ture data that will provide useful memory cues. In general, memories are cued by 
images or data that encapsulate a good deal of rapidly recognizable context. Thus, 
images such as screen captures or videos of user performance can be used as cues. 
Reconstructions of a situation (for example a simulation whose state can be 

  Fig. 5    Events farther in the past required more and more pages to accurately recall the next search 
event. After about 6 days out, a participant usually needed around 2 or 3 pages to remember what 
happened next (The numbers are non-integers as they represent the average number of pages 
required by all study participants)       
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captured in a few variables) that lose memorable or recognizable contextual details 
are not as promising for cued recall. For example, in an un-cued memorability study 
of search results (Teevan & Karger,  2005 ), many of the features of the search results 
page were forgotten within 60–90 min after the query was run. The only memorable 
results were ones that had been highly ranked or clicked-on by the user as these 
were salient to the user’s goals. Otherwise, without a good recognizable cue to pro-
vide surrounding context, memory is diffi cult. 

  Walkthrough methods of interviewing : When interviewing the participants, it is 
often useful to present earlier data and maintain the chronology of events as they 
happened in the course of the interview. That is, jumping around from near-past to 
distant-past (and back) and asking questions about each segment out of order only 
invites confusion on the participant’s part. Just as important, when skipping from 
one segment of the retrospective data to another, the participant should not be aware 
of any of the intervening data. Be aware that the cueing stimuli used are the  only  
stimuli being tested for recall. Seeing additional cues may signifi cantly alter the 
answers (and improve!) to later interview questions. 

  Asking for predictions : While there are many ways to validate the accuracy of the 
recollections being elicited by the cues, one particularly useful approach is to ask 
for predictions from the participant. (Roughly, “After you saw this screen, what was 
your next action?”) While not always applicable in exactly this form, the general 
idea of looking for inter-response consistency in retrospective reports is a valuable 
thing to measure. This is similar to a method often used in survey design is to ask 
slight variations on the same question at different points in the survey, testing for 
consistent replies in responses across variations (Weisberg et al.,  1996 ). 

  Face-to-face interviews : For retrospective interviews, a face-to-face connection 
between the participant and the researcher is more effective than distance methods 
(e.g., telephone surveys). Holbrook et al. ( 2003 ) have shown that satisfi cing and 
social desirability response biases are more likely to take place in telephone inter-
views than in face-to-face interviews. 

  Ways to avoid the false memories effect : As is well-known (Loftus,  2005 ), inter-
viewers can easily (and often accidentally) introduce false memories by the way 
they frame their questions. While there is an entire literature on interviewing tech-
niques to avoid introducing spurious information (Loftus,  2005 ;    Memon, Wark, 
Holley, Bull, & Koehnken,  1997 ), in an HCI context the challenges are far simpler. 
Typically, the behavior under question is not emotionally laden (thereby avoiding 
the effects of eye-witness testimony when charged events occur), and the cueing 
stimuli are usually data gathered from the participant’s own behavior. Good advice 
to follow when asking questions of past behaviors include:

    1.     Avoid direction  about what parts of the behavior should be noticed. That is, avoid 
cueing the participant to pay special attention to the behaviors that are the focus 
of the study. If they skip over the important parts, the researcher can ask follow-
 up questions, noting that they are replies to direct questions.   

D.M. Russell and E.H. Chi



389

   2.     Avoid value statements  about the behaviors in question, e.g., “When did it stop 
acting badly?” or “When did you start liking that awesome new interaction wid-
get?” Introducing affectively laden terms can easily alter people’s responses.   

   3.     Avoid asking for global affective responses from experiences in the past . As 
(Schwarz et al.,  2009 ) shows, asking for accurate evaluations of emotional per-
ceptions from the past  cannot help  but be infl uenced by subsequent events and 
especially the perception of the entire experience at the end. No amount of ratio-
nality can apparently overcome this strong cognitive self-perception bias effect. 
The participant might intellectually understand that they enjoyed using a system 
at the beginning of their use experience. But if a later experience turned out to be 
highly negative, it is tremendously diffi cult to evaluate the entire experience as 
positive, even though the average experience might be highly positive. Although 
factual information about specifi c events in the past can be accurate, the recon-
structive nature of emotional memories makes accuracy diffi cult.    

   Avoiding testing children : The age of the participants can be another factor for cau-
tion in using RCR. van Kesteren, Bekker, Vermeeren, and Lloyd ( 2003 ) found that 
children between the ages of 6 and 7 often have diffi culty holding multiple concepts 
in memory at once, limiting their ability to both watch a retrospective video of their 
behavior  and  comment on what they were doing at that time, although it was clear 
that they could correctly report on changes in their understanding that occurred dur-
ing the study. (See also (Höysniemi, Hämäläinen, & Turkki,  2003 ) who found simi-
lar cognitive limits on younger children’s ability to refl ect on previous performances.) 
However, Baauw and Markopoulos ( 2004 ) found that post-task interviews for 
usability problems worked about as well as in-lab, real-time usability analysis for 
children between the ages of 9 and 11. 

 Another age-related issue that appears with younger children is that reviewing 
videos is not always an exciting prospect, leading to a certain amount of attentional 
drift during the retrospective review part of the study. Retrospective interviewing of 
children is often a researcher’s most challenging task.  

    Summary 

 With all this in mind, retrospective studies are a set of methods to gain insight into 
behavior that is otherwise very diffi cult to learn. As we have seen, RCR methods 
can be used to reconstruct participants’ behaviors, rationales, affective reactions, 
and responses for events that have been recorded. However, there are many chal-
lenges to creating a carefully design retrospective study. Such studies must be 
designed with care, paying particular attention to capturing cues that are useful and 
engaging for recall, asking questions that do not ask the participant to over-infer 
what they can accurately recall, and continually validating the responses with the 
record of actual behavior. 
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 We fi nd this method of gathering user behaviors to be remarkably accurate when 
recollection cues and interview methods are well-designed, even when there are 
fairly lengthy delays between original action and recall.  

    Further Reading and Resources 

 For us, the development of the RCR technique grew out of a frustration with not 
being able to see normal user behavior over an extended period of time. Logs analy-
sis is a splendid technique [See Chap “Understanding Behavior Through Log Data 
and Analysis”], but it does not allow for any particular insight into attitudinal data 
or an understanding of individual responses over a longer period of time. 

 To deal with this issue, we built IE-Capture (see above) as a tool to allow our 
users to “tell their own story” and give us those additional insights into their use of 
our system. As we interviewed more and more participants, it became clear that the 
RCR method was both powerful and sensitive. The concern for not over-interpreting 
the data became evident when we found our participants rephrasing things they had 
said earlier in our interviews. This in turn led us to study the accuracy of recalled 
behavior, and to develop our own skills in asking questions that would not bias the 
participant. 

 For additional information about the pragmatics of asking questions in retrospec-
tive interview settings, please see (Beatty & Willis,  2007 ) and (Willis,  2005 ). 

 For guidance in using the Experience Sampling Method (reconstructing the 
day’s events at the end of each day), see (Hektner et al.,  2007 ).  

    Exercises 

     1.    Which of the other methods in this book work well with retrospective study 
methods?   

   2.    What kinds of reports are not generally accurate when people are reviewing a 
record and/or visualization of their past behavior?         
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