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Our Students Suffer From Both Lack of Knowledge and
Consistency: A PPT (Potential Performance Theory)
Analysis of Test-Taking

Stephen Rice, Kasha Geels, David Trafimow, Holly Hackett
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Test scores are used to assess one’s general knowledge of a specific area. Although strategies to improve test
performance have been previously identified, the consistency with which one uses these strategies has not been
analyzed in such a way that allows assessment of how much consistency affects overall performance. Participants
completed one of many exams over a variety of educational subjects. PPT (Potential Performance Theory)
(Trafimow & Rice, 2008; 2009) was used to analyze their scores. Results indicated that consistency played a large
role in affecting observed performance. Had participants been perfectly consistent, their observed performances
would have been significantly higher. Analysis of sample individual data revealed that different individuals need to

work specifically on either consistency, content knowledge, or both.
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Introduction

In educational settings, tests are often used as a tool to evaluate and assess individuals’ learning,
knowledge and aptitude. These evaluations and assessments can carry a lot of weight. For instance, a student’s
final course grade is typically a combination of their test performances throughout the course’s duration. Also,
standardized test scores (e.g., scholastic aptitude test and graduate record examination) are often used in
deciding whether or not an individual will be accepted into a college or university. Given the extreme value
placed on test-taking performance, the ability to perform well on tests becomes very important. One valuable
question that arises is what influences an individual’s test-taking performance.

Our objective is to expand upon the test-taking performance literature by implementing Trafimow and Rice’s
(2008; 2009) recent contribution of PPT (Potential Performance Theory) (Trafimow & Rice, 2008, 2009; Hunt,
Rice, Geels, & Trafimow, 2010; Hunt et al., 2011; Rice, Trafimow, & Hunt, 2010; Rice, Trafimow, Keller, Hunt,
& Geels, 2011; Trafimow, Hunt, Rice, & Geels, in press; Trafimow, & Rice, in press). In agreement with previous
suggestions regarding test-taking performance (Cohen, 2006), PPT also suggests that consistency influences task
performance. The great advantage to applying PPT to the domain of test-taking performance is that it not only
allows us to effectively estimate individuals’ consistency across tests, but it also allows us to demonstrate how an
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individual’s consistency or inconsistency, influences their actual observed performance.

Test-Taking Performance

Fortunately, some factors and strategies have been identified that can influence test performance. These
factors and strategies can either be applied to the test-preparation process or test-taking process. For instance,
some influential factors that can be implemented when an individual is preparing for a test include improving
retention and retrieval of information and using study strategies appropriately. However, other influential
factors that can be implemented when an individual is actually taking a test include engaging in specific
test-taking behaviors and applying test-taking strategies consistently.

One obvious way to improve test performance is to increase the knowledge of the test material. From this
aspect, memory literature can easily be applied. Deep processing involves close attention to information and
focusing on the meaning of the information, whereas, shallow processing involves little attention to the
meaning of information. Deep versus shallow processing leads to improved memory (Craik & Tulving, 1975).
Similarly, practices that implement deeper processing, such as active and organizational note taking on material
(Peverly, Brobst, Graham, & Shaw, 2003; Pressley, Yokoi, Van Etten, & Freebern, 1997), repeated testing over
material (Wheeler, Ewers, & Buonanno, 2003; Butler & Roediger, 2007; Roediger & Karpicke, 2006) and
practicing retrieval of material (Karpicke, 2009; Pilotti, Chodorow, & Petrov, 2009) lead to better retention and
later retrieval of the material compared to simply reviewing or rereading material. Greater retention and
retrieval in turn leads to improve test performance.

Another factor that can influence test performance is using appropriate study strategies (Pressley, Yokoi,
Van Etten, & Freebern, 1997). In fact, research has found that simply providing appropriate study strategies to
students that lack established study strategies can improve their test performance (Fleming, 2002). Simply
implementing a strategy is more beneficial that not using any type of strategy at all (McDougall & Gruneberg,
2002). However, it is also important for individuals to know when to apply specific study strategies. For
example, different test forms require different preparations (Pressley, Yokoi, Van Etten, & Freebern, 1997).
The use of inappropriate strategies for specific tests can lead to lower test performance (Balch, 2007). Beyond
the skill of implementing correct study strategies, research has also discovered that simply allocating time for
studying can influence test performance. Distributing study time versus cramming has shown to enhance
delayed test performance (Smith & Rothkopf, 1984; Reder & Anderson, 1982; Kornell, 2009). In other words,
knowing appropriate study strategies and implementing the study strategies in an appropriate manner can
increase test performance.

Interestingly, an individual can improve their test performances during the test-taking process regardless
of the study strategies that were employed previously or the knowledge that was brought to the test. It has been
discovered that some individuals are simply better test takers than others. This ability to take a test well,
regardless of the knowledge of test material, and improve test performances has been termed test-wiseness
(Millman, Bishop, & Ebel, 1965; Rogers & Yang, 1996).

Several test-taking behaviors or strategies used by test-wise individuals have been identified. For instance,
one behavior identified is reading the test questions carefully and completely (Cohen, 2006). Also, test-wise
individuals tend to anticipate the answer to the question prior to proceeding to the available options or
attempting to complete the question (McClain, 1983). Furthermore, these individuals will review all of the
available options completely prior to answering the question. Test-wise individuals also demonstrate good use
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of their test time. They tend to skip questions when the question appears to be difficult or when the answer is
not known, rather than using excess time focusing on a single question (Hong, M. Sas, & J. C. Sas, 2006).
When returning to the skipped questions, these individuals use reasoning and the process of elimination to
make educated guesses (McClain, 1983). The final behavior of test-wise individuals includes reviewing their
work or their selected answers.

Researchers have successfully demonstrated that training individuals to use one of the foregoing strategies,
or a combination of them, can enhance test performance. For example, individuals diagnosed with learning
disabilities, emotional or behavioral disorders often demonstrate a lack of test-taking strategies (Scruggs &
Tolfa, 1985; Scruggs & Mastropieri, 1986). Numerous experiments have found that when these populations of
individuals, whether in elementary school, middle school or college, are provided with useful test-taking
strategies and training to utilize the strategies, their test performances improve (Scruggs & Mastropieri, 1986;
Therrien, Hughes, Kapelski, & Mokhtari, 2009; Ritter & ldol-Maestas, 1986; Holzer, Madaus, Bray, & Kehle,
2009; Hughes, Deshler, Ruhl, & Schumaker, 1993). These experiments would suggest that the strategies and
behaviors demonstrated by test-wise individuals can, in fact, assist with the test-taking process and contribute
to better test performance.

Even though being provided with test-taking strategies is valuable and can improve test performance, there
is another influential factor worth mentioning. An individual’s ability to successfully apply test-taking
strategies and apply the strategies with high frequency may also influence test performance (Cohen, 2006). For
instance, researchers have found that individuals who applied most of the trained test-taking strategies
improved their test performance more than individuals who did not apply the majority of the test-taking
strategies (Therrien, Hughes, Kapelski, & Mokhtari, 2009; Holzer, Madaus, Bray, & Kehle, 2009). These
findings suggest that even if an individual is aware of test-taking strategies, applying the strategies
inconsistently and inappropriately may prevent the individual from improving their test-taking performance to
their full potential. Fortunately, we now have an appropriate procedure to investigate and address this
observation by utilizing PPT (Trafimow & Rice, 2008; 2009).

PPT (Potential Performance Theory)

As previously stated, PPT suggests that consistency plays an influential role in one’s observed task
performance. It is worth mentioning that consistency in terms of PPT is across blocks of trials which should not
be confused with any other sense of the term. Different fields of research have used the term “consistency” to
refer to several different phenomena. For instance, attribution research uses consistency to refer to a person
responding similarly across different situations (Kelley & Michela, 1980; Orvis, Cunningham, & Kelley, 1975).
According to work on the Lens model (Brunswik, 1952), consistency is used to refer to the correlation between
predicted judgments and actual judgments, or the predicted criterion value and the actual criterion value.
Furthermore, personality research uses consistency to refer to stability of personality traits. PPT uses yet
another sense of the term, where consistency refers to the correlation across two blocks of matched trials.

The following paradigm demonstrates the function of consistency on task performance. Suppose students
take a 50 true-false question history test in Block 1. Then, after completing a short irrelevant task, the students
take the same 50 true-false question history test again in Block 2. This procedure produces 50 pairs of answers
for each student. Given this design, correlation coefficients across the two blocks for each student can easily be
computed to obtain each student’s consistency coefficient. Naturally, if there is more randomness (i.e., student
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provides different answers on corresponding questions across the blocks), then the consistency coefficient
decreases; whereas, if there is less randomness (i.e., students provide the same answers on corresponding
guestions across blocks), the consistency coefficient will increase. In other words, the consistency coefficient
can be viewed as an inverse measure of randomness where zero randomness would result in a perfect
consistency coefficient.

When an individual’s base level performance is above chance level, introducing randomness will
undoubtedly decrease their actual observed performances. Similarly, decreasing randomness should increase
actual observed performances. PPT takes advantage of this statistical fact. For example, using the PPT
paradigm of dichotomous items, observed task performance will shift towards 50% when inconsistency (i.e.,
randomness) is present. Similarly, observed task performance will shift towards 100% when randomness is
decreased. By taking an individual’s actual observed performance and consistency score, PPT provides a
procedure to effectively estimate how that individual would have performed in the absence of randomness (i.e.,
individual responded with perfect consistency), which is termed the individual’s potential performance.

Once an individual’s observed performance and consistency is obtained using the aforementioned
paradigm, an individual’s potential performance can be computed using a step-by-step procedure proposed by
PPT. The first step involves converting an individual’s observed performance into a correlation coefficient. To
reiterate the PPT proposed paradigm, individuals are forced to choose between two answers (e.g., true or false)
with the correct answer being one of the two choices. Using this paradigm, each individual’s observed
performance across the trials can easily be summarized by a 2 X 2 table (see Table 1). The cell frequencies are
noted as &, &, ¢, and d, the row frequencies are noted as 1, and 75, and the column frequencies are noted
as ¢y and &,. Once this actual performance table is completed, implementing Equation (1) will convert this
table into a correlation coefficient.

i |ad—be| |lad—be|

r= (a+B)(c+d)(a+c)(B+d)  tyrpeica .

Table 1

A 2 (Individual Choice) X 2 (Correct Choice) Frequency Table Where a, b, ¢, and d Indicate the Actually
Observed Cell Frequencies, I and I, Are the Row Frequencies, and C,, and C, Are the Column

Frequencies

Individual’s choice

Correct choice Row margin
True False

True a b r

False c d r

Column margin Cy Cy

The second step of obtaining an individual’s potential performance involves adjusting the aforementioned
correlation coefficient for attenuation due to inconsistency. This can be accomplished by using the famous formula
that was originally derived from classical true score theory, though it can also be derived from more modern theories
(Allen & Yen, 1979; Cohen & Swerdlik, 1999; Crocker & Algina, 1986; Gulliksen, 1987; Lord & Novick, 1968). In
Equation (2), the “True” correlation coefficient (R) is expressed as a function of the correlation obtained in Equation
(1) (r) and the consistency coefficient of the dependent variable across blocks of trials (r.7).

R=— )
N
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The next step in obtaining an individual’s potential performance is to convert the “True” correlation
coefficient (R) value obtained in Equation (2), into “True” cell frequencies. In other words, we want to build
another 2 X 2 table with the “True” cell frequencies (see Table 2). These “True” cell frequencies represent the
best estimates of cell frequencies if an individual was perfectly consistent. By utilizing Equations (3)-(6), one
can obtain an individual’s “True” cell frequencies (Trafimow & Rice, 2008). Similar to a Chi-square test or a
Fisher’s exact test, PPT also fixes the margin frequencies at the obtained levels (Trafimow & Rice, 2009).
Given this assumption and the fact that we are now using “True” cell frequencies versus actual cell frequencies,
row frequencies are noted as R, and E;, column frequencies are noted as £, and £, and the cell
frequencies are noted as &, B, £, and D.

4 = BERGGTCR,

(3)
(Ry+Rz}

B = R1(R1+Rz)—(RYR1R2C; G+ C Ry ) )
(R1+R2)

C — C‘lﬂz—R‘gRleC}_C‘z (5)
(Ry+Rz)

D= CzﬁRl"'Rz}_[Rl[:Rl"'ﬁz}_tﬂfﬁlﬁz‘:lcz"'elRl)] ©)
(Ry+Rz)

Table 2

A 2 (Individual Choice) X 2 (Correct Choice) Frequency Table Where 4, B, L, and [} Indicate the True
Cell Frequencies, Ky and R, Arethe Row Frequency, and €y, and €5 Are the Column Frequencies

Individual’s choice

Correct choice Row margin
True False

True A B R:

False C D R,

Column margin C; C,

To summarize, the PPT steps to obtain an individual’s potential performance are as follows. First an
individual’s answers are obtained across two blocks and placed into a 2 X 2 actual performance table. Then, using
Equation (1), the table can be converted into a correlation coefficient. Second, using Equation (2), the obtained
correlation coefficient is corrected for attenuation due to inconsistency. Next, using Equations (3)-(6), estimates of
“True” cell frequencies (i.e., cell frequencies that would be obtained in the absence of randomness) are obtained and
placed into a new 2 X 2 table. Finally, using Equation (7), an individual’s potential performance, or the performance

an individual would have had if they had been perfectly consistent across the two blocks, is obtained.
A+D
()

potential performance = (A B+CiD)

Current Study

It is evident from the previous literature that test-taking performance can be influenced by both the
knowledge one brings to a test and the test-taking strategies one employs while taking a test. It is no surprise
that the more knowledge one has of the test material, the better their performances will be on the test. More
interesting is the suggestion and previous observations that greater consistency can improve one’s performance
on a test. Recognizing that both knowledge and consistency can influence peoples’ observed test performance
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is beneficial. However, effectively identifying the extent to which one’s knowledge, consistency, or both are
actually influencing their observed test performance is a valuable tool.

PPT now provides us with a procedure to effectively identify how knowledge and consistency influence
observed performance. If one can identify whether or not and to what extent knowledge and consistency are
influencing a person’s observed performance, then effective training may be implemented to improve that
person’s performance. The current study provides a demonstration of how PPT may be utilized as a useful tool
in the area of test-taking performance.

Experiment

Participants

A total of 346 (244 females) undergraduate students from a large Southwestern university participated in
the experiment for partial course credit. The mean age was 21.09 (standard deviation = 4.09). All participants
were tested for normal or corrected-to-normal vision.
Materials and Stimuli

The experimental display was presented via E-prime 1.1 on a Dell PC (personal computer) with a
22-monitor using 1,024 X768 resolution and a refresh rate of 65 Hz. A series of 50 questions were generated
for each of 13 subjects/topics (algebra, grammar, biology, astronomy, US history, world history, spelling,
analogies, geography, range problems, state capitals, digit memory and spatial memory). These questions were
presented in random order. In order to facilitate a PPT analysis, the same questions were presented again in a
second block and again in random order. All questions were presented as “True/False”. For example, in the
algebra subject test, a sample false statement was (if -9x + 4 = -20; x = 3). A sample true statement in the world
history test was “In the Second World War, Italy fought with Germany”.

Procedure

Participants first signed a consent form and were then seated comfortably in a chair facing the
experimental display. Instructions were presented on-screen and participants were given an opportunity to ask
questions before beginning the test. Each trial began with a fixation point, which was a small black “+” in the
middle of the screen lasting 1,000 msec. Following this was the question display, where the test statement was
presented in black Arial font size 14 across the middle of the display for 5,000 msec. Lastly was the choice
display, whereby participants were asked to press “J”, if they thought the statement was “True” or “False”, if
they thought the statement was false.

Design

A between-participants design was used by which different participants answered each of the different exam
topics.

Results

Based on observed scores and consistency coefficients, PPT provides potential scores that estimate how
participants would perform if they were perfectly consistent. Because PPT is sufficiently flexible or both group
level and individual level analyses, both will be presented below. The subsection on group analyses provides
results that are averaged across the participants, whereas the subsequent subsection provides a few cases of
particularly interesting results for individuals.
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Group Analyses

There was considerable variation both in the observed scores and in the consistency coefficients across the
13 test areas. Observed scores were largest for the digit memory test (M = 0.79) and smallest for the geography
test (M = 0.61), and the mean across test areas was 0.72. Consistency coefficients were largest for the
astronomy test (M = 0.78) and smallest for the spatial memory test (M = 0.38), and the mean across test areas
was 0.61. These data, in combination with PPT, allow for the computation of potential scores and also the
difference between observed and potential scores. Potential scores were largest for the digit memory test (M =
0.99) and smallest for the world history test (M = 0.66), and the mean across test areas was 0.80. But the most
important statistics, from the practical perspective of assessing the likely impact of interventions designed to
increase consistency, concern the differences between observed and potential scores. This difference was
largest for the digit memory test (difference = 0.20) and smallest for the astronomy test (difference = 0.03), for
an average difference across the eleven test areas of 0.08. The straightforward interpretation is that training
people to respond more consistently could potentially improve performance by an average of 20% for the digit
memory test, whereas this figure would only be 3% for the astronomy test. Thus, education efforts with respect
to digit memory should be heavily weighted towards improving consistency, whereas education efforts with
respect to astronomy should be weighted towards improving actual knowledge.

Individual Analyses

An advantage of PPT is that it is not necessary to depend on group analyses, such as those performed in
the foregoing subsection. A few individual analyses will illustrate the potential for improving observed scores
merely by improving consistency.

We first consider the algebra test, where the average difference between observed and potential scores was
0.13. In contrast, considering one participant with an observed score equal to only 0.68 but after accounting for
consistency, which made a whopping difference of 0.32, this person’s potential score was precisely 1.00. The
implication is that if this participant could be trained to respond to algebra questions with perfect consistency,
the result would be perfect observed performance. The individual analysis illustrates the importance of not
depending only on group data, as the importance of consistency was much greater for this participant than that
for the group mean.

Let us now consider the world history test, where the average difference between observed and potential
scores was a relatively small, but nevertheless important, 0.04. But one participant’s observed score was 0.66
and the potential score was 0.83, for a difference of 0.17—more than fourfold the average difference for the group.
Again, we see that averaged data poorly represent some of the individuals. Even when group data suggest that
consistency is of relatively less importance, on average, for a particular test, consistency nevertheless can be
extremely important for particular individuals. There are many more examples of particular individuals who were
poorly represented by the group data, but the two example presented are sufficient for illustration.

Discussion

The foregoing analyses indicate that tests in different subjects can vary widely in observed scores,
consistency coefficients and potential scores. There also is much variance across subjects in the differences
between potential and observed scores, thereby similarly indicating that merely training students to be more
consistent is likely to provide much stronger benefits in some subjects than in others. Possibly more important,
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there were substantial deviations from group data when individuals were analyzed. These deviations indicated
that even in cases where consistency is not very important at the group level (e.g., the astronomy test), it
nevertheless is important for some students in the group.

As with most studies, the most obvious limitations pertain to generalizing from the findings. Although
there were 346 participants in total, when the fact that there were 13 subjects was considered, it becomes clear
that there was an average of less than 27 participants per subject area. Also, our participants were
undergraduate students in the Southwest and we doubtless would have obtained different findings with
undergraduates from other areas or people who are not undergraduates. In addition, we used items with only
two choices (“True” or “False”) and most academic tests involve more than two choices. Because of these
considerations, we advise caution in attempting to generalize from the obtained findings.

An interesting difference between the present study and many other studies in the education area is that we
used PPT, whereas it is more common to use IRT (item response theory). Although this is not the place to
engage in a detailed comparison between the two theories, it seems worthwhile to present a brief contrast. Lord
and Novick (1968) noted that some measurement theories are based on strong assumptions, whereas others are
based on weak ones. The advantage of strong assumptions is that it is easier to draw strong conclusions that can
be usefully applied. The advantage of weak assumptions is that they are more likely to be true. PPT and IRT
provide an interesting case in point. IRT makes at least two strong assumptions that are unnecessary for PPT
(Hulin, Drasgow, & Parsons, 1983; Lord, 1970). First, there is a single latent trait underlying test scores.
Second, the items are locally independent, which means that the only reason for their inter-correlations is by
dint of the latent trait. If the effects of the latent trait were taken away, the items would not correlate with each
other at all. We believe neither of these assumptions is likely to be true with respect to the present paradigm. It
is difficult for us to believe that only a single latent trait (e.g., knowledge of the subject area) underlies test
scores. Rather, we believe that additional systematic factors, such as general intelligence, test taking skills,
effort and so on, which are likely to influence test scores. In addition, if several systematic factors influence test
scores, then it seems obvious that the assumption of local independence is also incorrect. The removal of only
one of these influences, if it could be done, would seem unlikely to eliminate inter-correlations among the items.
It is important to be clear that we are not criticizing IRT, which is an extremely important theory, but rather to
point out that there might be times when the researcher might be unwilling to accept the strong assumptions
that are necessary to make the IRT machinery run. In such cases, PPT might be preferred. The foregoing
analyses, along with Figures 1 and 2, demonstrate that PPT can generate useful conclusions, even with weaker
assumptions.

One advantage of PPT, from an applied perspective, is that it dovetails nicely with some of the current
thinking in education pertaining to the importance of individualizing training to fit the idiosyncratic
characteristics of each student. Because PPT provides observed scores, consistency coefficients and potential
scores for each student, it facilitates the development of individualized training programs. The difference
between potential and observed scores can be computed easily for each student and training can be brought to
bear according to these differences. When the difference is large, then training for consistency is likely to cause
a large increase in observed performance. But when the difference is small, training for consistency is unlikely
to have much of an effect on observed performance. Therefore, large difference scores indicate that training
should be devoted towards increasing consistency, whereas small difference scores indicate that training should
be devoted towards increasing potential scores (e.g., the focus could be on increasing content knowledge).
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Figure 1. Group data.
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Figure 2. Sample individual data.

There is an additional way of considering the issue of training, which is to explore what is unlikely to
work. Recall that one of the participants received a score of 0.68 but that person’s potential score was 1.00. The
normal conclusion would be that a student with such a low observed score simply does not know the material.
The potential score of 1.00 contradicts this conclusion. If all inconsistency could be eliminated, the student
would perform perfectly. Thus, training for knowledge would be unlikely to substantially help this student.
Rather, the focus should be on training for consistency.

As we stated earlier, given the aforementioned limitations, we make no claims that the present findings
would generalize. However, we do believe that the method of using PPT to analyze test performance does
generalize. Whatever the idiosyncratic characteristics happen to be with respect to the population of interest,
the test being used and the PPT paradigm will provide numbers that are useful for designing training for
students. Such training programs can be designed at the group or individual levels. The present study is the first
demonstration and illustration of this intriguing possibility.
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