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Abstract 

The goal of this paper is two-fold. In the first place, an explorative evaluation of the usability 
of a construction method in second language learning is reported. According to the 
construction method (second) language students have access to various possible 
constituents of a sentence (words, sentences parts and/or grammar constructions) and are 
instructed to use those constituents to construct a grammatically correct sentence which can 
serve as a description of an image or an utterance in a dialogue. It was found that subjects 
approached the construction method in a consistent, meaningful way, they did, for instance, 
not adopt a puzzler strategy. Furthermore, the construction method did not inhibit or interfere 
with the second language acquisition process as such, since the subjects performed 
significantly better on the posttest in comparison with the pretest. 
As a second goal of this paper, the Grizzle-Starmer-Koch (GSK) (log-) linear-models 
approach is introduced as a suitable quantitative approach to the analysis of (verbal) 
protocol data. In most studies, the analysis of protocol data is limited to the qualitative or 
descriptive level. It is argued and illustrated that the GSK approach is a useful quantitative 
addition to the dominant descriptive analysis of protocol data. 

Introduction 

One of the goals of the APEALL (A Personal Environment for Adaptive Language Learning, cf. Appelo et 
al., 1993) project is to allow the student to formulate a conversational response in the context of a 
simulated discourse. Since the current state of the art in natural language processing does not allow 
unrestricted free input, the user input has to be controlled in one way or another, in order to keep the 
student within the language fragment mastered by the system. 
There are two possible control mechanisms: the implicit and the explicit method. Implicit methods use 
knowledge about the behavior of people in specific situations to elicit utterances from the student that can 
be processed by the system. The main disadvantage of this method is that it cannot guarantee that the 
student will stay within the desired language fragment. For this and other reasons, in the APEALL project 
the explicit method was chosen for (Appelo et al., 1993). In stead of the term explicit method the term 
construction method is used. Using the construction method students have access to various possible 
constituents of a sentence (words, sentences parts and/or grammar constructions) and are instructed to 
use those "building blocks" to construct a grammatically correct sentence which can serve as a description 
of an image or an utterance in a dialogue. In this way the system has complete control of the student's 
input since the student only can build correct or erroneous sentences the natural language processing 
system can handle. At the user interface level one can imagine that the construction method takes the 
form of a game (e.g., puzzle) in which the several constituents of a sentence are denoted using different 
representations (e.g., colors, window, or icons) to support the function of that constituent in a sentence. 
Summarized, the main characteristics of the construction method are: 

1. controlled input; 
2. support of the learning process: it is assumed that the method will assist in the student's 
understanding of the syntax of the language. The constituents of the sentences are organized in 
structures that suggest the relationship between the elements of the sentence. There is growing 
evidence that first and second language learning consists in learning cue (e.g., word order, 
subject-verb agreement, etc.)-function (agency, topicality, etc.) mappings (MacWhinney, 1992; 
MacWhinney, Leinbach, Taraban, & McDonald, 1989). One could hypothesize that the 
construction method draws the attention of the student to relevant (structural) cue-function (e.g., 
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verb usage) correlations; 
3. immediate feedback: the student receives immediate feedback when an incorrect constituent is 
placed in the sentence or when a constituent is put in the wrong place. There is substantial 
evidence that immediate feedback is superior to delayed feedback when learning the complex 
rules of a language or mastering a problem solving sequence (Holland, Holyoak, Nisbett, & 
Thagard, 1986). In the case of delayed feedback subjects have difficulty in tracing back the 
incorrect step(s) in the construction process: "did I put the word 'Holland' in the wrong place or was 
it this noun phrase?". 

Consequently, the main goal of this experiment was to explore the usability of the construction method in 
second language learning. The exploratory nature of the experiment must be emphasized in the sense that 
the construction method was not compared with alternative methods and some methodological 
requirements were deliberately weakened (e.g., absence of control group). Despite the methodological 
weaknesses, the experimental design was sufficiently robust to evaluate to what extent students can use 
the construction method in a second language learning course. 

Method 

Subjects. 
Seventeen subjects of the IPO personnel participated in the experiment. The sample was rather 
heterogeneous, i.e., subjects were selected from the research staff, associate staff, and technical support 
staff of the institute. All subjects except two were native Dutch speakers. Of the non-native Dutch 
speakers, one was a native French speaker, whereas the other one was a native English speaker. 

Design. 
The experiment had a pretest-posttest design, i.e., there were three levels of the repeated measures factor 
task: pretest, test, and posttest. 

Stimuli and procedure. 
The experimental procedure is described in figure 1. In general, the experiment took the form of an 
introductory course "Basic Spanish". The experimental sessions were run individually and took 
approximately 1 hour per subject. The test phase of each session was videotaped. 
The first phase in the experiment consisted of a Spanish lesson. The lesson was based on a handbook for 
learning Spanish (Masoliver, Hakanson, & Beeck, 1977). Subjects had 10 minutes of learning time and 
were instructed to pay attention to the use of the verbs "hay", "es" and "esta". During this and other phases 
of the experiment subjects had access to a Spanish-Dutch word list. 
The lesson phase was followed by a pretest. The pretest consisted of 17 multiple choice questions. 
Subjects had to select the grammatically correct sentence out of three alternatives. The pretest evaluated 
to what extent subjects could discriminate the correct use of the verbs "hay", "es" and "esta". The subjects 
had maximally 5 minutes to finish the pretest. 
The test contained 15 construction method exercises. The first exercise was solved by the experimenter as 
a demonstration of the instructions. The subjects had 30 minutes to solve the other 14 exercises. A paper
and-pencil version of the construction method was used. A construction method exercise proceeded as 
follows (cf., figure 2): 

• subjects were instructed to build a sentence which could serve as a description of a picture. For 
instance, a picture describing a bag with a magazine in it corresponded with the Spanish sentence 
"En el bolso hay un libro". 
• subjects were given a set of words (e.g., libro, un, el, en, bolso, una), the three verbs "hay", "es" 
and "esta", a set of frames referring to sentence structures (i.e., prepositional phrase or noun 
phrase), and a set of three larger frames describing the structure of the sentence as a whole. 
• the solution consisted of placing the correct words and correct verb in the correct order in the 
correct frames, and placing the frames in the correct order in the larger frames. 
• immediate feedback was supplied since the vertical lines drawn on words, verbs, and frames had 
to match exactly (cf., figure 2). 
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Spanish lesson: usage of "hay", "es", "esta" 

max.10 minutes 

' Pretest: 17 multiple choice items 

max. 5 minutes 

t 
Test: 15 construction method exercises 
videotaped 

max. 30 minutes 

t 
Posttest: 17 multiple choice items 

max. 5 minutes 

' Questionnaire - Debriefing 

Figure 1. Experimental procedure 

The construction method test was followed by a posttest. The posttest contained the same multiple-choice 
questions as the pretest, although presented in a different order. Again subjects had maximally 5 minutes 
to answer the multiple-choice items. 
The experiment ended with a questionnaire and debriefing. 

Results 

Pretest - Posttest Performance. 
The data on the pre- and posttest were analyzed as a repeated-measures design with pretest and posttest 
as two levels of the within-subjects variable task. The effect of test was significant: F(1,16) = 24.53, p < 
0.001. Subjects performed better on the posttest (M = 13.94) than on the pretest (M = 9.23). 

Construction exercises: Protocol analysis. 
In the first part of this section the main characteristics of the Grizzle-Starmer-Koch (GSK) (Grizzle, 
Starmer, and Koch, 1969) approach are briefly described. In particular it is argued that the result of a 
protocol study can be described as a multi-dimensional contingency table which can be analyzed using 
this GSK approach. In the second part, the GSK approach is being applied to the protocol study reported in 
this paper. In a third section, the GSK approach is compared with alternative analysis methods. 

The GSK (log-) linear-models approach. With the term "protocol study", we refer to think-aloud 
experiments and/or videotaped experiments which are frequently used in problem solving and user 
interface research (Ericsson & Simon, 1985). The standard way to analyze the results of a protocol 
experiment is to divide the performance of n subjects on jtasks into several episodes (i.e., k episodes per 
task). The n x j x k episodes are then coded according to some classification scheme. The classification 
scheme usually consists out of several variables, each variable having two or more levels. Thus, each 
episode is categorized as belonging to a particular configuration of the variables of the classification 
scheme. The result of this kind of analysis is a multi-dimensional contingency table: multivariable data that 
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Words: 8 ~ [Z] GJ E] 8 
- I ., II~ ____.____es_ta ___.____, ~--------ha_y _____.____, 

Frames: I 
....... , ___ ...._ ___ ....._...._ _ _, 1&....;;;;i;;;=;;.......;==-..u 

Sentence 
structure: 

Correct 
answer: ' 

Figure 2. An example of the paper-and-pencil version of the construction method 

s I I 
are in the form of counts of frequencies corresponding to categories or combinations of categories of 
nominally treated variables, i.e., the number of episodes belonging to a particular combination. The 
analysis objective of categorical data is to find a simple predictive (log-) linear model with as few 
parameters as possible that efficiently represents the multivariate relationship between the variables of the 
contingency table. Grizzle et al.(1969) have described how to use linear regression techniques and 
weighted-least-squares analysis to build such models when the data are categorical. We have adopted 
this approach to analyze the protocol results of the construction method experiment. More general, it is 
argued that the GSK technique is an useful quantitative approach to the analysis of protocol data in 
general. 
Multidimensional contingency tables are frequently analyzed using simple chi-square statistics based on 
looking at the variables of the contingency table two at a time. However, this kind of analysis does not do 
justice to the multivariable nature of such data. The GSK approach provides the flexibility to fit multivariate 
models and to test appropriate hypotheses. Also, the qualitative nature of the response variable in a 
categorical data analysis precludes the use of standard multivariable techniques (e.g., analysis of 
variance) that rely on the assumptions of normality and homogeneity of variance for testing purposes. In 
any experiment, and consequently protocol study, data of two general types are collected on each subject 
or unit under study: (1) data on the group or subpopulation to which the subject belongs or on the set of 
experimental conditions imposed on the subject, and (2) data on what happens to the subject during the 
course of the experiment. The term factor is used for the first type of classification in GSK data analysis 
and is analogous to an independent variable in ANOVA and regression analysis. The term response is 
used for the second type, and corresponds with a dependent variable in ANOVA and regression analysis. 
Using the distinction between a factor and response variable, four types of multidimensional contingency 
tables can be considered: multi-response, no-factor tables; multiresponse, one-factor tables; one
response, multifactor tables; and multi-response, multifactor tables. It must be emphasized that the 
conditions under which an experiment is conducted (e.g., the sampling scheme used to collect the data) 
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determine whether particular dimensions in a contingency table should be considered as factors or 
responses. For instance, in the case of a protocol study, the factors will correspond with the experimental 
variables. Also - as was described in the previous paragraph - in almost all protocol studies, a substantial 
number of categorical observations are collected from each member of a group of subjects. In other words, 
separate contingency tables are constructed that classify j x k episodes for each subject or experimental 
unit. Pooling the n individual tables into a single table that classifies the n x j x k episodes is not without 
problems. The first problem is statistical. Many observations come from each subject, and they cannot be 
treated as independent. This lack of independence can jeopardize the use of the chi-square approximation 
to describe the sampling variability of~- The second problem relates to the between-subjects variability 
and is less known to researchers (Wickens, 1993). When tables that vary in the distribution of their 
marginal frequencies are pooled, the combined table may not show the same association pattern as any 
individual table. In its extreme form, in which the pattern of association reverses from the separate to the 
pooled tables, this inconsistency is known as Simpson's paradox (after Simpson, 1951 ). These problems 
can be handled in the GSK approach by including subjects as an explicit factor in the design. 1 

The GSK linear-models approach to the analysis of categorical data is based on the application of general 
weighted-least-squares regression techniques to estimates of appropriate (linear and/or log-linear) 
functions of the cell proportions in multidimensional contingency tables. With this methodology questions 
regarding variable selection, model appropriateness, and interaction can pursued in the same spirit as 
used in ANOVA and regression procedures for quantitative data. In other words, the GSK approach is a 
natural extension of the usual ANOVA or regression approach for continuous data. Therefore, it is easy to 
perform statistical tests of particular hypotheses of interest and to perform repeated measures analysis. An 
alternative to the GSK approach is the log-linear model method as typified by Bishop, Fienberg, and 
Holland (1975). This approach is known as the maximum likelihood estimates (MLE) approach. The MLE 
method does not make an a priori distinction between independent and dependent variables, although 
model specifications that allow for the distinction can be made. The emphasis of this approach is on model 
building and testing independence, but is awkward to test hypotheses and do repeated measurement 
analysis. 
The GSK weighted-least-squares approach to estimation and testing suffers when several of the cell 
frequencies are equal to O (Bishop et al., 1975, p. 354). The effects of replacing such zero values for 
observed cell counts by some small positive value, as has been advocated by Grizzle et al. (1969), has not 
been definitively investigated. In contrast, the presence of sporadic zeros causes no problem when the 
MLE approach is used (Bishop et al., 1975, chapter 3). However, the MLE approach is not suitable for 
analyzing ordered categorical data, whereas the GSK analysis for an ordinal response involves assigning 
scores to response categories and fitting regression models for the mean response using weighted least 
squares rather than ordinary least squares (Agresti, 1989). Haberman (1974) and Goodman (1979} 
presented a class of log- linear models, called association models, that utilize orderings of categories by 
assigning or estimating scores. One could consider the association model approach as an extension of the 
LME approach for ordered categorical data. 
The GSK method is available in the SAS package. Readers interested in the approach are referred to the 
original paper of Gizzle et al. (1969) and Kleinbaum, Kupper, and Muller (1988, chapter 22). 

Protocol analysis. The protocols (i.e., the videotaped performance and verbal reports) of the 
subjects were analyzed by two observers. In the case of conflict, the episode in question was re-analyzed 
until consensus was reached. The classification scheme for the protocol analysis consisted of three main 
entries: approach, puzzler behavior, and error type. There were three possible values of the entry 
approach: top-down, bottom-up, and a mixture of both. The performance of subjects was classified as a 
top-down approach when they started with placing the sentence structure frames into the larger frames, 
followed by putting the words in the correct frames. Subjects using the bottom-up approach proceeded in 
the reverse direction: starting by placing the words in the structure frames and then placing the frames in 
the correct order in the larger ones. Subjects used also a mixture of both approaches.The entry puzzler 

1. Wickens ( 1993) argues that if intersubject variability is present, this procedure, i.e., including subjects as an explicit 
factor, has a positive bias. If between-subjects variability is present, Wickens suggests - in the case of multiway tables -
first, to make least-squares estimates of the association coefficients of interest and of their variances using the GSK 
method, and then to test the hypothesis that the mean of these coefficients is zero using Hotelling's ~-
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behavior had also three possible values: puzzler, no-puzzler, and a mixture of both. A subject was said to 
be a puzzler when she or he tackled the construction exercise as a jigsaw puzzle, i.e., systematically 
checking whether words and sentence structure frames fitted in some place, mainly by using the feedback 
provided by the vertical lines on words and frames (cf., figure 2). Some subjects used a combination of 
puzzler and no-puzzler behavior. Summarized, the performance of a subject on each task was classified 
as belonging to one of 9 possible strategies, i.e., the approach x puzzler behavior combinations. Four 
different error types were coded: wrong verb, wrong agreement, incorrect order of adjective, and incorrect 
sentence order. 

Table 1: Contingency table for error type "wrong verb" 

Top- Bottom-
Mixed down up 

Puzzler No- Mixed Puzzler 
No-

Mixed Puzzler 
No-

Mixed Puzzler Puzzler Puzzler 

correct 13 49 2 2 63 5 5 13 4 156 

incorrect 16 14 8 1 23 4 5 2 9 82 

29 63 10 3 86 9 10 15 13 238 

Table 2: Contingency table for error type "wrong agreement" 

Top- Bottom-
Mixed 

down up 

Puzzler 
No-

Mixed Puzzler 
No-

Mixed Puzzler 
No-

Mixed Puzzler Puzzler Puzzler 

correct 26 57 7 2 77 7 7 13 10 206 

incorrect 3 6 3 1 9 2 3 2 3 32 

29 63 10 3 86 9 10 15 13 238 

Table 3: Contingency table for error type "Incorrect order of adjective" 

Top- Bottom-
Mixed 

down up 

Puzzler 
No-

Mixed Puzzler 
No-

Mixed Puzzler 
No-

Mixed 
Puzzler Puzzler Puzzler 

correct 24 61 10 3 81 9 9 13 13 223 

incorrect 5 2 0 0 5 0 1 2 0 15 

29 63 10 3 86 9 10 15 13 238 
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Table 4: Contingency table for error type "Incorrect sentence order" 

Top- Bottom-
Mixed down up 

Puzzler 
No-

Mixed Puzzler 
No-

Mixed Puzzler 
No-

Mixed Puzzler Puzzler Puzzler 

correct 18 53 6 1 74 4 5 12 6 179 

incorrect 11 10 4 2 12 5 5 3 7 59 

29 63 10 3 86 9 10 15 13 238 

In our coding scheme an episode corresponded with the performance of a subject on a construction task 
as a whole (i.e., k = 1 ). As each subject (n = 17) solved j =14 exercises, a total of 238 observations had to 
be classified. The first and important step in using the GSK methodology is to formulate the appropriate 
multidimensional contingency table for the given problem. Per error type, a multidimensional contingency 
table with approach (top-down, bottom-up, and mixed), puzzler behavior (puzzler, no-puzzler, mixed), and 
accuracy (correct versus incorrect answer) as entries was constructed.2 This implies that the cells of a 
contingency table contained per combination of the entries approach and puzzler behavior the number 
(frequency) of correct and incorrect answers for a particular error type (cf., table 1 through table 4). The 
contingency tables fall into the no-factor multi-response type of GSK analysis as we registered for each 
episode to which entry of the response variables approach, puzzler, and accuracy the episode belonged. 
This implies that the analysis will focus on - as it is usually the case in the alternative MLE approach -
testing the possibility of a contingency (or independence) between the three classification variables. 
Since the contingency table for error type "incorrect order of adjective" contained several zero counts, and 
therefore a special analysis was needed, the GSK results for the error types "wrong verb", "wrong 
agreement", and "incorrect sentence order" are reported first. For these error types (cf., table 5 to 7) the 
linear model: approach +puzzler+ accuracy+ approach •puzzler+ puzzler. accuracy was the model with 
the fewest number of parameters (i.e., 11) that resulted in the best goodness-of-fit (cf., the chi-square 
value of the residual in table 5 to 7).3 This implies that the three-way interaction: approach • puzzler. 
accuracy and the two-way interaction: approach • accuracy were not significant, meaning that neither the 9 
possible strategies nor the 3 approaches resulted in a significant different accuracy pattern. The fitted 
linear model is known as the conditional-independence model (Bishop et al., 1975, p. 37). The model 
states that the variables approach and accuracy are independent for every level of puzzler behavior, but 
each is associated with the variable puzzler behavior. In other words, the variables approach and accuracy 
are conditionally independent, given the level of the variable puzzler. For the error types "wrong verb" and 
"incorrect sentence order" the interaction puzzler• accuracy was significant (cf., table 5 and 7). For both 
error types, it was found that the no-puzzler behavior resulted in significantly fewer errors than the puzzler 
and the mixed puzzler behavior strategy. For error type "wrong agreement" this interaction effect was 
significant at the 6% level (cf., table 6). The tables 5 to 7 also show that for the three error types, the main 
effects approach and puzzler and the interaction approach • puzzler were significant. The fact that these 
effects were found for each of the three error types is not surprising, since the marginal frequencies of the 
responses approach and puzzler are the same for all error types (cf., table 1 to 4). The significant 
approach • puzzler interaction evokes that both for the top-down and bottom-up approach the no-puzzler 
behavior was the most frequent one, whereas for the mixed approach there were no frequency differences 

2. The most appropriate analysis would have been to include subjects as an explicit factor in the design and to code the 
four error types as four levels of a repeated measures factor. In that case, there is only one contingency table to be 
analyzed. However, it also implies that there are 4896 response categories for only 238 observations! Consequently, 
neither a GSK approach nor a LME method was suitable since the sample was too small and too many zero counts 
occurred. Therefore, it was decided to pool the individual tables and to run a GSK analysis per error type. Pooling was 
defendable in this case, since the strategy behavior of the subjects was highly consistent (cf., infra), i.e., the within-subject 
variability was limited, and the between-subjects variability was also low. Because of the pooling, it was decided to set the 
significance level at 1 % in stead of 5%. 
3. To be precise, in the no-factor multi-response case, the GSK approach tests a log-linear model of the cell proportions. 
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between the three puzzler behavior types. 
As the analysis of a no factor, multi-response table is focused on testing independence (i.e., interactions) 
the main effects are of minor importance. On the other hand, the main effects give an insight into the 
distribution of the marginal frequencies .. Therefore, the main effects were also interpreted. A detailed 
analysis of the main effect of approach showed that there was no significant frequency (F) difference 
between the top-down and bottom-up approach (Fiop-down = 102 versus Riottom-up = 98), both approaches 
differed significantly in frequency from the mixed approach (Fmixed = 38). For the main effect puzzler 
behavior it was found that the levels of this response variable mutually differed significantly in frequency: 
Fno-puzzler = 164, Fpuzzler = 42, and Fmixed = 32. For the error types "wrong agreement" and "incorrect 
sentence order" the effect of accuracy was significant (cf., table 6 and 7). For these two error types the 
number of correct answers was significantly higher than the number of incorrect answers (cf, table 2 and 
4).For the error type "wrong verb" no frequency differences for accuracy were found (cf., table 1 and table 
5). 

Table 5: Weighted-Least-Squares analysis-of-variance table for error type "wrong verb" 

Source OF Chi-Square Prob 

Approach 2 14.84 0.0006 

Puzzler 2 49.03 <0.0001 

Accuracy 1 0.71 0.3995 

Approach•Puzzler 4 31.98 < 0.0001 

Puzzler-Accuracy 2 23.44 < 0.0001 

Residual 6 4.51 0.6087 

Table 6: Weighted-Least-Squares analysis-of-variance table for error type ''wrong agreement" 

Source OF Chi-Square Prob 

Approach 2 14.72 0.0006 

Puzzler 2 28.01 < 0.0001 

Accuracy 1 53.45 < 0.0001 

Approach•Puzzler 4 34.17 < 0.0001 

Puzzler•Accuracy 2 5.45 0.0656 

Residual 6 2.88 0.8238 

As the contingency table for error type "incorrect order of adjective" contained zero frequencies, a MLE 
analysis was done in stead of a GSK analysis. The results of this analysis are presented in table 8. The 
results parallel the ones of the other three other error types, except that due to the zero counts the main 
effects of puzzler and accuracy could not be computed. 
To complete the protocol analysis, figure 3 represents the frequency (expressed in percentages, N = 238) 
of the 9 possible strategies, i.e., approach x puzzler behavior combinations. Bottom-up no-puzzler 
behavior was the most frequently used strategy, followed by top-down no-puzzler behavior. Top-down 
puzzler behavior was the most frequent occurring puzzler behavior. Strategies such as bottom-up puzzler 
and bottom-up mixed puzzler behavior were very infrequent. A strategy was also used in consistent way: 
13 of the 17 subjects used the same strategy 65% (i.e., 9 out of the 14 exercises) or more of the time. The 
remaining 4 subjects used three strategies more or less evenly to solve the problems. 
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Table 7: Weighted-Least-Squares analysis-of-variance table for error type "incorrect sentence order" 

Source OF Chi-Square Prob 

Approach 2 14.74 0.0006 

Puzzler 2 34.57 < 0.0001 

Accuracy 1 14.52 0.0001 

Approach•Puzzler 4 33.08 <0.0001 

Puzzler•Accuracy 2 23.58 <0.0001 

Residual 6 2.11 0.9097 

Table 8: Maximum-Likelihood analysis-of-variance table for error type "Incorrect order of adjective" 

Source OF Chi-Square Prob 

Approach 2 15.43 0.0004 

Puzzler 1• - -

Accuracy o· - -
Approach•Puzzler 4 35.61 < 0.0001 

Puzzler•Accuracy 2 370.20 < 0.0001 

Residual 8 3.36 0.9096 

•. Effects marked with'•' contain one or more redundant or 
restricted parameters. 

Alternative analysis methods. For the error types "wrong verb", "wrong agreement", and "incorrect 
sentence order", besides the GSK method, also the MLE method was run. The results of the MLE analysis 
corresponded with the GSK procedures, except that the chi-square values of the MLE analysis were 
slightly higher than the ones of the GSK methods. That could mean that the GSK procedure is a more 
conservative test then the MLE approach. The contingency table of the four error types was classified as a 
no factor, multi-response type of table. One could argue however that the results of the protocol analysis 
can be interpreted within a two factor (i.e., approach and puzzler behavior), one response (i.e., accuracy) 
type of contingency table. The results of this type of GSK analysis were also similar with the first GSK type. 
In particular, for the error types "wrong verb" and "incorrect sentence order'' the main effect of puzzler 
behavior was significant, which corresponds with the significant interaction puzzler • accuracy of table 5 
and 7. For error type "wrong agreement" no effect of puzzler was found, which corresponds with the 
absence of this interaction effect in table 6. Last but not least, the protocol data were also analyzed using 
simple chi-square statistics based on looking at the variables of the three-way contingency tables two at a 
time. Hence, each contingency table was recoded into two 2 by 3 contingency tables. One table with 
approach and accuracy as entries, the other one with puzzler and accuracy as entries. Again the results of 
this (Pearson) chi-square analysis corresponded with the GSK approach, except that the chi-square 
analysis found for the error type "incorrect sentence order'' a significant association between approach and 
accuracy (chi2(2) = 5.93, p = 0.05), whereas the GSK approach did no find a significant approach • 
accuracy interaction for that error type. That could imply that the technique of transforming a multi
dimensional table into several two-way tables has a positive bias. 

Observations. In this results section some qualitative observations are reported which occurred frequently 

9 



40 

30 

Q) 

1 
C 

20 ~ 
Q) 
Cl. 

10 

in the protocol data of the subjects: 

2 3 4 5 

Strategy 

6 

Figure 3. Strategy frequencies 

STRATEGY 

1 : top-down puzzler 

2: top-down no-puzzler 

3: top-down mixed 

4: bottom-up puzzler 

5: bottom-up no-puzzler 

6: bottom-up mixed 

7: mixed puzzler 

8: mixed no-puzzler 

9: mixed mixed 

7 8 9 

1. immediate feedback is an essential feature of the construction method; 
2. the picture which guided each construction method exercise was necessary to elicit an appropri
ate sentence; 
3. many subjects reported that they liked the method a lot. 

Discussion 

The main goal of this experiment was to evaluate the usability of the construction method in second 
language learning. In the task context of a course "Spanish for beginners" a paper-and-pencil version of 
the method was devised that mimicked quite well the computerized version.The minimal conclusion that 
can be drawn from the pretest and posttest data is that the construction method did not interfere with the 
learning process. Protocol analysis showed that the top-down and bottom-up no-puzzler strategies were 
the most frequent used strategies to solve the construction method exercises. These no-puzzler strategies 
resulted also in significantly fewer errors than puzzler behavior. The puzzler strategy was a less frequently 
used strategy. Subjects used a strategy also used in a consistent manner. Taken these results together, it 
was found that subjects approached the construction method in a meaningful (i.e., a no-puzzler approach) 
and consistent way which resulted in a low error rate and also not interfered with the learning process as 
such. 
As the experiment illustrated that subjects can use the construction method without much problems, it can 
be used to control the free input of users of an interactive language learning system. An important 
characteristic of the construction method is immediate feedback. The fact that the feedback was not 
delayed until a whole sentence was finished had clearly a positive impact on the subjects' performance. In 
the introduction it was hypothesized that the construction method would support the learning of cue
function mappings. As this learning process is mainly an implicit process, the verbal and videotaped data 
did not much reveal on it. Further research on this topic is needed. 
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A second goal of this paper was to demonstrate the usefulness of the GSK approach to analyze protocol 
data in a quantitative way. Due to the small sample of the experiment and, perhaps, due to the triviality of 
the problem, the GSK approach could not completely be illustrated. However, it must be apparent from the 
description of the method that when a researcher (1) is informed on the characteristics of the GSK 
methodology and (2) has a clearly defined coding scheme, an experimental protocol study can be devised 
in which hypotheses can be tested in a quantitative and statistically reliable way. 
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