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NOTES AND INSIGHTS
Effects of domain experience in the
stock-flow failure

Angela Brunstein,® Cleotilde Gonzalez®* and Steven Kanter"*

Abstract

Misperceptions of stock and flow relationships are pervasive and an important problem to solve in system
dynamics. Prior studies have shown that individuals perform poorly on accumulation problems, even when
considering relatively simple systems, an effect termed the Stock-Flow (SF) failure. This study examines the
effects of domain experience in overcoming the SF failure. We compared performance of medical students
and undergraduates with no medical education on accumulation problems in medical and general domains.
Medical students performed better than undergraduates only in some of the problems (including the general
domain problems), and they performed equally poorly as undergraduates in problems that required medical
domain experience. There was no correlation between performance in the stock and flow problems and
either duration of medical education or age. Thus we conclude that domain experience is not a strong indi-
cator for overcoming the SF failure. Copyright © 2010 John Wiley & Sons, Ltd.
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Introduction

The concept of accumulation is a broad concept applicable to problems in many differ-
ent domains at the social, organizational and individual levels (Cronin et al., 2009). All
accumulation problems resemble a stock, additively increasing with inflows and
decreasing with outflows over time. Even college students with strong technical back-
grounds demonstrate difficulties when judging accumulation in very simple stock and
flow problems (Booth Sweeney and Sterman, 2000; Cronin and Gonzalez, 2007; Cronin
et al., 2009; Sterman and Booth Sweeney, 2002). In multiple experiments, students
answered questions about the stock and flow levels in the People in the Store task (PinS;
Sterman, 2002; Cronin and Gonzalez, 2007; Cronin et al., 2009), consisting of a line
graph of inflow and outflow over a period of time. Most participants (more than 90
percent) answered flow questions correctly (questions 1 and 2), but not the stock ques-
tions (less than 50 percent correct for questions 3 and 4). This phenomenon has been
called the “stock and flow failure” (SF failure) because participants’ performance did
not improve even after several interventions, including increasing the participants’
motivation, reducing the number of data points in the graph, and varying the problem
presentation (e.g. bar graphs, text) (Cronin et al., 2009).

In Cronin et al. (2009), corrective feedback through repeated trials was the only inter-
vention that helped improve performance. In that study, participants were asked to stay
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in a room until they had answered the questions correctly or until one hour had passed,
whichever came first. In each attempt, participants were told whether their answers
were right or wrong. Participants’ performance on the stock questions improved from
20 to 83 percent correct from the first to the ninth attempt. Although the difference in
success rates of the stocks and flow questions was not statistically significant (Cronin
et al., 2009), the improvement is an indication that experience might help in solving
these accumulation problems.

Our general goal was to determine the effects of domain experience in overcoming
the SF failure. In this study, we investigated the effect of medical education for over-
coming the SF failure in the medical domain. In medicine there are a number of situ-
ations that require physicians to judge the accumulation of a system in order to make
decisions and keep the system in balance over time. For example, maintenance of fluid
balance in a patient who is unable to take food or fluid by mouth involves monitoring
the accumulation of fluids in the body over time by balancing inflows and outflows (see
Figure 1 for an example of an isomorph of the PinS task in a medical context). The study
of domain experience is a common approach to understanding expertise (Chi, 2006;
Ericsson et al., 1993), and there is an implicit assumption in the literature that those
individuals who have greater experience in the domain may use more powerful heu-
ristics that are relevant in the domain and that novices are not aware of (Chi, 2006).
Since accumulation problems are very common in patient care we investigate the per-
formance of medical students on medical and general accumulation problems, and
compare their performance to that of a population of undergraduate students with no
medical experience. If domain experience is a source of error in the SF problem, then:

H1: the performance of medical students would be better in problems in the medical
domain when compared to undergraduates with no medical education.

Methods

Participants

180 students at a school of medicine in the North East (age: M = 26 years, SD = 3.0; 99
male and 81 female; duration of medical education: M = 1.5 years, SD = 1.15) and 180
students (hereafter called undergraduates) from another non-medical school in the same
city (age: M = 23 years, SD = 4.6; 112 male and 68 female) participated in this study. The
undergraduates indicated several major areas of study, including Business Administra-
tion (N =42), Engineering (N = 24), Finance (N = 17) Computer Science (N = 11), Econom-
ics (N =11), Information Systems (N = 13), Business (N = 8), Music (N = 8), Mathematics
(N =7), Biology (N = 6), History (N = 4), Creative Writing (N = 3), other humanities (N =
8), and others (N = 18).

Stocks and flows task

The task structure was adapted from the PinS task (e.g., Cronin et al., 2009) into four
medical and two generic versions of the same problem. Figure 1 shows the Fluids
version (medical).

The medical versions of the PinS problem included body fluids resulting from IV
fluids and urination (see Figure 1), amount of bone tissue resulting from osteoblast and
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The intake and output of fluids are often monitored, especially in a situation where a patient is unable to
take fluids by mouth. The graph below shows the amount of intravenous fluid administered to a patient and
the same patient’s urine output over a 30 hour period. Assuming these are the only two factors affecting the
amount of fluid in the body, please answer the following questions:
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Check the box if the answer cannot be determined from the information provided.

1. During which hour was the IV fluid highest?

Hour .................... Can’t be determined.

Hour .................... Can’t be determined.

3. During which hour were the body fluids highest (assumed all other factors are kept constant)?

Hour .................... Can’t be determined.

4. During which hour were the body fluids lowest (assumed all other factors are kept constant)?

Hour .................... Can’t be determined.

Fig. 1. An example of the Stocks and Flows Task for version 1 (fluids) as a medical version

osteoclast activity, blood glucose level resulting from glucagon and insulin production,
and temperature resulting from attempts to stay warm and to cool down. For generic
versions, we chose weight resulting from consumed and expended energy, and PinS
resulting from people entering and leaving a store.

Versions differed in cover stories and labels, but had identical copies of the diagram.
The correct responses for the flow questions are time points 4 and 21. To answer ques-
tion 3 correctly, participants had to understand that the stock rises from time point 0
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to 13 and falls thereafter, and thus the highest point of the stock is 13. To answer ques-
tion 4 correctly, participants had to perceive that the area between the inflow and
outflow is less from time point 0 to 13 than thereafter. Therefore, the stock is lowest at
time point 30. Responses were coded as correct if they were between +1 and -1 time
periods away from the correct answer.

Procedure

Participants gave informed consent, provided demographic information, and answered
four questions for one task version. For the medical students, the study was conducted
from 17 July 2008 to 18 December 2008, without compensation, using an email invita-
tion and SurveyMonkey (http://www.surveymonkey.com). The email invitation reached
all the medical students in the school, and this allowed us to obtain a high number of
responders. For undergraduates, the study was conducted in September 2008 in the
Student Center of the university, using paper and pencil and a candy bar as compensa-
tion. We excluded data from medical students who took more than 20 minutes to answer
in the online survey. Each student included in this study (online and on paper) took an
average of 5 minutes (SD = 8) to complete the task.

Results

Table 1 shows that, overall, medical students and undergraduates answered equally
well to flow questions 1 and 2. In stock questions 3 and 4 all students answered poorly,
but medical students responded more accurately than undergraduates overall. Although
a general support of our hypothesis, this result varied considerably depending on the
particular problem.

Chi-square analyses on proportion of correct responses for each of the two popula-
tions (see Table 1) revealed no significant differences between student populations for
questions 1 and 2 (but see question 2 in version 6, PinS). For question 3, the correct
responses for medical students ranged from 6.5 to 65.5 percent (M = 29.4 percent, SD =
25.1) and for undergraduates from 3.0 to 26.7 percent (M = 12.8 percent, SD = 12.9).
Medical students performed significantly better than undergraduates on problems 1, 5,
and 6. On question 4, the range of correct responses for medical students was 0-58.6
percent (M = 22.7 percent, SD = 23.5), and 0-26.7 percent (M = 13.9 percent, SD = 10.6)
for undergraduates. Medical students performed significantly better than undergradu-
ates on problem 6.

Some deeper analyses of the erroneous responses suggested evidence of the correla-
tion heuristic as in Cronin et al. (2009). For question 3, 34 percent of the medical stu-
dents (61 out of 180) responded with the time in which the net inflow was maximum
(where the gap between the inflow and outflow is largest; t = 8), 16 percent (29 out of
180) responded with the time in which the outflow is maximum (t = 21); and 9 percent
(17 out of 180) indicated that the answer “cannot be determined”. For question 4, 34
percent of the medical students (62 out of 180) responded with the time in which the
net outflow is maximum (¢t = 17); 16 percent (29 out of 180) responded with the time in
which the inflow is maximum (¢t = 4; N = 55); and 14 percent (25 out of 180) responded
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with “cannot be determined”. A similar but larger proportion of errors was found for
undergraduates.

Point biserial correlation coefficients (Michael et al., 1952) between correct perfor-
mance for stock questions and duration of medical education and age revealed that
correct performance was associated neither with duration of medical education, for
question 3, ry, = 0.06, p = 0.22, for question 4, r,, = 0.02, p = 0.39, beyond their advantage
compared to undergraduates, nor with age over all participants, for question 3, r,, =
0.03, p = 0.59, for question 4, r,, = 0.04, p = 0.49.

Discussion

The benefits of medical education in medical accumulation problems are supported
by expertise research indicating that domain experience results in the use of relevant
problem-solving strategies (Chi et al., 1981; Chi, 2006). The overall advantage of domain
experience when comparing medical and non-medical students is important, given
that a considerable number of manipulations have been attempted with no success in
improving responses to stock questions (Booth Sweeney and Sterman, 2000; Cronin and
Gonzalez, 2007; Cronin et al, 2009; Sterman and Booth Sweeney, 2002). However,
despite the significant overall result, the advantage of domain experience comes from
only a few of the problems, particularly the more generic problems (those in which
medical students need to rely less on their medical domain experience). For example,
it is surprising that medical students were no better than undergraduates in bone,
glucose, and temperature problems, and even in the best of the cases, as in the fluid
problem, in patient management one could not afford an optimistic 33.3 percent
accuracy.

Error analysis indicates the use of an intuitive but erroneous heuristic termed the
“correlation heuristic” (see Cronin et al., 2009). Although to a less degree than under-
graduates, medical students often ignore accumulation and make judgments based on
differences in one point in time. As demonstrated by the correlation analyses, correct
performance on stock questions does not relate to the duration of medical education
or age.

Since accumulation problems are common in medical practice, the findings reported
here have important implications for medical education, to reduce medical error, and
to design systems that support physicians decisions. These results are a first hint at the
role of medical education in solving stock and flow problems and they highlight the
need to teach the concepts of accumulation in medical school.

In summary, our results indicate that domain experience is not a strong indicator for
overcoming the SF failure. Several follow-up studies are needed in order to test the
robustness of this result. First, given that the medical students used in this research
had limited experience in the medical field (our sample showed a mean of 1.5 years of
medical education), it is possible that medical students were not, after all, much differ-
ent from undergraduates. It would be interesting to test participants who vary more
widely on medical experience. Second, given the different methods used for the two
main groups of concern (medical students were tested online while undergraduates
were tested on paper), it would be important to replicate these results in a study where
exactly the same methods are used for the different groups. Third, the replication of
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this study in other domains of knowledge would also help in investigating the robust-
ness of these findings.
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