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126 The think aloud method

coding scheme. The protocols used for revising the coding scheme might be :

used for this. .
The interpretation of a single phrase may be influenced by the context ir

which it appears. Take for example a subject who has been making a lot of ;
errors and was very confused about the right way of solving the assigned word
problem. If this subject would then say: ‘the answer is 15’, one would be

inclined to interpret this step in the problem-solving as another wild guess. If
the subject was someone who methodically followed a straightforward proce-
dure, one would think it was just the outcome of the problem-solving process
and thus the phrase ‘the answer is 15’ would be coded accordingly.

Measures one could take are: give coders only the minimal context infor-
mation for coding. To refrain coders from using the context in which a protocol
episode appears which might bias their coding - minimize the available con-
text. The context involves:

(a) The subject who produced the protocol: shuffle protocols of different sub-
jects and distribute them at random over coders.

(b) The content of the protocol: if possible cut the protocol in pieces that
are just big enough to be coded reliably and shuffle these pieces. This will
minimize the bias due to the context in which the fragiment appears in the
protocol. This is not always possible, sometimes protocol statements get un-
intelligible when lifted out of their contexts. In that case one must accept
context-dependent coding.

7.5.4 Rating protocols or protocol fragments

If the model and the theory about the process are not procedural but struc-
tural, describing properties of protocols or prétocol fragments, then protocols

are rated. In this case scales are defined describing properties of the protocol

and these are applied by coders following a procedure that is analogous to that
for procedural models. In this case, the rating procedure produces standard
numerical data and standard procedures for analysis can be applied.

7.6 Intercoder reliability

Before it is applied, a coding scheme and the coding procedure must be evalu-
ated. In particular, correspondence between codes assigned by different coders
to the same data must be found. If this correspondence, intercoder reliability,
is low, then this means that the coding scheme is ambiguous. How can this
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correspondence be quantified? The techniques for quantifying correspondence
all use one set of data that is coded by two (or sometimes more) coders. In
the case of think aloud protocols, the data consist of an entire protocol, sev-
eral protocols or one or more fragments. Intercoder reliability may vary over
protocols and fragments so it is important to use a representative sample of
the total set of protocols.

Reliability is usually quantified over segmented protocols. The segmenta-
tion itself is usually rather reliable and coding reliability can simply not be
quantified over protocols that are segmented in different ways. It is also bet-
ter to exclude irrelevant parts of the protocol (for example comments on the
situation, reading fragments of text) because these inflate the reliability with
respect to the actual cognitive process.

The selected data are then coded following the coding scheme that was
designed in advance. Usually this means that they are assigned to a coding
category. From these codings a cross-table can be constructed. Each cell
contains the number of elements (for example fragments) as coded by both
coders.

Take, for example, a small protocol which consists of eight segments. Two
coders have coded this protocol. The coding scheme has only two categories:
A and B. The two. coders have coded the protocol as follows:

Segment | Code by | Code by | Correspondence
coder 1 | coder 2
line 1 A A yes
line 2 A B no
line 3 B B yes
line 4 A A yes
line 5 A A yes
line 6 A B no
line 7 A A yes
line 8 A A yes

In this example both coders coded a line 5 times as A (line 1, 4, 5, 7 and 8),
1 time as B (line 3), and 2 times coder 2 assigned a B where coder 1 coded an

A (line 2 and 6):
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C1 | C2 | Frequency
A |A |5
A |B |2
B (A |O
B |B |1

From this coding the following cross-table is constructed:

Code | A | B || Total
A 512 (7
B 0 (1 1

Total [5 [3 [[8

Correspondence between coders is now quantified as the association between
their codings. The first obvious measure is the proportion of corresponding
codes with respect to all codes. For the above table that would be the sum of
the number of codes on the diagonal, namely 6 (5 + 1) divided by the total
number, namely 8. This gives 75 per cent correspondence.

A conceptual problem is, though, that this measure is sensitive to differ-
ences in marginal frequencies, the proportion of the different coding categories
used by the coders. In this example, code A is much more often used than
code B, namely seven times by coder 1 and five times by coder 2, where B
is used one time by coder 1 and three times by coder 2. This means that
the expectation for an arbitrary segment to be coded as A, is higher than the
expectation for it to be coded as B. In this small example the need for correc-
tion for marginal frequencies might not be so obvious. But take for example a
protocol of 100 segments. If 99 segments are coded as A by both coders and
only 1 segment is coded as B by one of the coders, the correspondence would
be 99 per cent. However, it is not fair to say that in this case an extremely
high intercoder reliability has been reached. For a segment to be coded as A,
the chance was 99 per cent. So in some sense the coders did not do better than
if the coding had been done by a random generator. The one segment about
which there was no agreement between coders is far more significant than all
the other segments which were coded the same.

In another example, where from the 100 segments 50 were coded as A by
both coders, and 49 as B, a reliability of 99 per cent indicates much more
correspondence between the coders. In this case every segment had a chance
of some 50 per cent to be coded as A. In this case the fact that the coders
coded nearly all segments the same, cannot be ascribed to chance.

Several measures have been invented that to some extent correct for dif-
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 ferences in marginal frequencies. These measures show subtle differences in
behaviour and in the underlying notion of association. One frequently used
measure, that we recommend, is Kappa. This measure is based on a correction
for marginal frequencies and defines association as the relative proportion of
corresponding codes with the following correction:

(proportion corresponding—expected proportion corresponding)

Kappa =
(1—expected proportion corresponding)

Here the expected proportion corresponding is calculated by multiplying and
adding marginal frequencies. In the example the correspondence for A that
can be expected from the marginal frequencies of B is 7/8 x 5/8 = 0.55. For
B we will get 1/8 x 3/8 = 0.05 and then the total is 0.55 + 0.05 = 0.60. For
the table above Kappa is: '

(0.75 — 0.60) 0.15

Kappa = =0.38

I

(1 - 0.60) 0.40

So, in this example we have gone from a proportion of corresponding codings
of 0.75, to a Kappa of 0.38. The fact that Kappa is lower is due to the fact
that code A is more frequently used than B. That the difference is so great is
due to the fact that this example is so very small.

What will happen to the two extreme examples of the 100 segments pro-

tocol if we calculate the Kappa? In the case of 99 segments coded as A the
Kappa is:

(0.99 —0.99)
Kappa = ——— =10.00
(1—0.99)

In the example of 50 segments coded as A and 49 segments coded as B by
both coders the Kappa is:
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(0.99 — 0.499)
Kappa = ———— =098
(1 —0.499)

The Kappa makes a correction for the correspondence thflt can be‘ expected
from the marginal frequencies. This is a conservative estimate of intercoder
reliability because similar marginal frequencies will make Kzlipp‘a low .where one
could argue that similar marginal frequencies themselves 11'1d1.cate ‘mterco.d(?r
reliability. Since the proportion correspondence is an optimistic estimate 1t is
best to report both proportion correspondence and Kappa.

Let us now look at a larger example. A set of 98 segments is coded by two
coders: Coder 1 and Coder 2. The coding scheme has 5 categories and the
table below shows how many fragments were scored as A by both, as A by

Coder 1 and B by Coder 2, etc. .

Code |[A| B| C|D |E | Total
A 6| 0| 2({01]60 8
B 11481111 0| 0 60
C 1] 21171 010 20
D 0] 0f 0f 5|3 8
E 0] 0j 0| O0f2 2
Total | 850 [30] 5] 5 98

The proportion corresponding codes with respect to all codes is calculated by
dividing the sum of the number of codes on the diagonal (81) by the total
number (98). This gives 83 per cent correspondence.

" Now we calculate Kappa. The expected proportion corresponding is cal-

culated by multiplying and adding marginal frequencies. . For examp1‘e the
correspondence for A that can be expected from the marginal frequencies of

B is 8/98 x 8/98 = 0.007

The expected proportion corresponding values are:
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Code | Marginal Expected proportion

frequencies corresponding
A 8/98 x 8/98 = {0.007
B 50/98 x 60/98 = [0.312
C 30/98 x 20/98 = |0.062
1D 5/98 x 8/98 = [ 0.004
E 5/98 x 2/98 = | 0.001
Total 0.386
For the table above Kappa, is:
(0.83 — 0.386) 0.444
Kappa = = =0.72
(1—10.386) . 0.614

As we see in this example, there is a difference in the outcome of the two
measures (0.83 versus 0.72), but the difference is not as large as in the previous
example (0.75 versus 0.38). Of course it is hard to say when the Kappa is
sufficiently high. We would, generally speaking, say a Kappa should be above
0.70 in order to have an intercoder reliability that is acceptable. If the Kappa
is less, we would strongly advise to improve the coding scheme.

7.7 Comparing the coded protocols with the models
7.7.1 Introduction

We now will discuss the stage of protocol analysis that is crucial in the hy-
pothesis testing style, i.e. comparing the coded protocols with the model. If
the model is stated in terms of properties of protocols rather than procedures,
these properties are measured by counting items or by rating protocols. This
requires procedures that are standard in social science research. Comparing
procedural models with protocols involves a different notion of fit that we shall
discuss here.

7.7.2 Comparing protocols with procedural models

Each segment in eachi of the protocols should fit within the model. In general a
model predicts more than one possible process (we called this non-deterministic
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