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6 Supporting Divergent and Convergent Production of 
Test Items for Teachers in Higher Education 

6.1 Abstract 

Developing tests items for end-of-course tests in higher education is a 
recurring task for many teachers. Divergent production of test items is 
needed to create queries with original content, while convergent production 
is needed to design items that are clear and technically sound. Support for 
the test item design process, based on divergent and convergent production, 
could lead to better test items. An experiment to establish the extent to 
which the explicit application of diverging and converging support resulted 
in more and in more original test items and technically better test items was 
conducted in this study. The results showed an effect on the originality of the 
test items developed, but not on the technical quality of those items. The 
implications of these findings for test item design are discussed.   

Keywords: test item writing, test development, assessment, diverging, 
converging; creativity, concept mapping 
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6.2 Background 

Throughout education, test items such as such as true-false and multiple-choice 
questions form the building blocks of many achievement tests and play a major role 
in determining their quality. Especially teachers in higher education may have to 
design new test items for each of these exams that they create. These test items are 
referred to as in-house developed test items (Jozefowicz et al., 2002). Teachers need 
be able to produce test items for rote learning purposes as well as for higher-order 
learning outcomes; the latter require the teacher to produce novel conceptions of 
information that require the students to apply their knowledge of facts, concepts, 
and principles in familiar but new contexts. It requires knowledge and skill of both 
the subject matter and test item design to conceive such items (Downing & 
Haladyna, 2006; Mayenga, 2009). Authors in test item writing literature 
additionally suggest that it requires creativity to design those items (Osterlind, 
1998; Popham, 1984; Rikers, 1988; Vale, 1995). Though in some studies and 
handbooks supporting creativity in designing such test items by means of 
examples, taxonomies or guidelines is described (Authors; Haladyna & Shindoll, 
1989; Roid & Haladyna, 1980; Scalise & Gifford, 2006), the authors of this 
manuscript are unaware of research in which the generation of test items with 
explicit respect to creativity or creativity stimulating interventions, was studied 
experimentally. The current study aims to provide an experimental empirical 
investigation into creativity stimulation for test item design.  

The lack of research into the phenomenon of creativity in test item design possibly 
stems from the general held idea in the field of educational measurement that the 
main problem of test item design lies in ensuring the design of reliable tests and 
preventing any error in measurement (Brennan, 2006). In these fields, emphasis is 
put on rational methods and rational considerations in designing test items. The 
design process for test items is in educational measurement implicitly presented as 
solving a well-defined problem with a single best solution for a measurement 
problem. In terms of divergent and convergent production of ideas, convergent 
production is put central to ensure that test items discriminate as accurately as 
possible between the competent and less-competent student. For that reason, test 
items must be as clear as possible. Convergent production in that sense refers to 
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optimization, detecting and repairing errors, logic and technical detailing. In the 
design process it is emphasized that the teacher needs to prevent the design of 
flawed test items (Haladyna, Downing, & Rodriguez, 2002). Such flaws are for 
example the use of negations, spelling and grammar errors, and the use of vague 
wording. Flawed test items also include items that are too verbose, items with 
multiple or no correct answers, items with cues leading inadvertently to the correct 
answer or items with excessively implausible distractors. The absence of flaws is 
called the technical quality of test items in this study. 

Test item design however entails more than an algorithmic or solely convergent 
problem solving process. Test item design can also be regarded as a task to solve ill-
defined creative design problems as has been argued in Chapter 2 of this thesis. In 
line with theories and findings from creative, ill-defined problem solving and 
design domains (Cross, 2004; Jonassen, 2004; Reitman, 1964; Rowland, 1993; Tripp 
& Bichelmeyer, 1990), divergent production must also be considered to be vital for 
designing test items, especially for test items extending beyond verbatim recall. 
Divergent production is needed to generate test items containing for example 
rephrased, reconceptualized, or associated and new facts, concepts, principles, 
procedures, problems, examples, counterexamples, misconceptions and plausible 
distractors on the basis of subject matter and instructional materials (Anderson, 
1987; Haladyna, 1997, 2004). Such ideas cannot be deductively derived from the 
instructional materials. The cognitive process to generate such information 
includes exploring possible solutions for test items and relations between the 
possible solutions and the assessment problem to solve; what is it that the test item 
should elicit in answering a test item by a student? In line with classic studies of 
creativity, indicators for the degree of divergent production can be expressed as 
originality (uniqueness), fluency (number of ideas), flexibility (number of 
categories), or elaboration (amount of detail) in the ideas that an individual 
typically produces (Guilford, 1967). The degree of divergent production by an 
individual in test item design can be linked to these indicators of creativity of test 
items and this is called the originality of test items in this study. 
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An important problem of test item design with respect to generating and selecting 
ideas is the need to balance the two opposing requirements of presenting novel 
material and information to query for higher-order learning outcomes and 
remaining conceptually close enough to the original instructional materials to 
remain faithful to the topic. It is in particular of importance to prevent presenting 
cases with excessively unrelated facts, concepts or principles, and offering 
distractors in multiple-choice items that are laughably incorrect. Ideas that 
conceptually are insufficiently related are unsuitable for use, but there is no bright 
line that determines sufficiency. Teachers have to find that delicate balance in the 
context of each item, and there might even be a negative relation between 
originality and technical quality. 

Following from Chapter 2, the question of both practical and theoretical value with 
regards to test item design is which specific support interventions lead to improved 
outcomes in the test item design process; this chapter seeks to answer that question 
through an experimental approach. In the experiment, participants were asked to 
design test items based on a piece of instructional material regarding the concept of 
nature versus nurture during a set time period. The intervention was such that (1) 
the time period was split in two phases in which the participants were instructed to 
diverge in the first phase of that period and converge in the second phase of that 
period and (2) offering participants an informed set of techniques for diverging 
and converging. We begin by presenting the rationale for the conditions and 
selected combinations of techniques to support participants in the study’s design 
task, after which the details of the experimental setup and results are presented and 
discussed. 

6.3 Selected techniques for the interventions 

Three specific practical techniques were selected for support of interventions to 
improve the divergent production of test items. First, participants were provided 
with information about divergent production of test items and the importance of 
divergent thinking and production. Providing this information was intended to 
serve as priming for the task, which other research has shown results in an 
improved outcome with respect to creativity (Baumeister, Schmeichel, DeWall, & 
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Vohs, 2007; Hacker, Dunlosky, & Graesser, 2009). Second, participants were 
instructed to develop a concept map (Novak, 1998) before undertaking the test 
item design task. Concept maps are relatively easy to develop and provide a general 
and well-documented method of representing facts, concepts, principles, 
procedures, and their interrelations. Participants were also explicitly instructed to 
generate examples, counterexamples, misconceptions, unrelated but plausible facts, 
and concepts based on recommendations by Roid and Haladyna (1982), all aimed 
at stimulating them to query understanding or application of knowledge and skill. 
Third, item shells (Haladyna, 1987) as briefly discussed in Chapter 3 and 4 were 
provided to the participants. Item shells are hollow syntactic structures for test 
items to which test item designers can add the substance of the specific topic(s) for 
which test items are to be designed. Haladyna has reported that using items shells 
improves the production of test item ideas aimed at designing test items for critical 
thinking and problem solving, especially for novice designers.  

With respect to supporting the convergent phase, the participants were provided 
with information about the necessity of constructing unambiguous test items and 
supplied with Haladyna et al.’s (2002) guidelines. Examples of such guidelines are 
to be succinct, avoid the use of negations, avoid the use of “all of the above,” avoid 
non-specific determinants such as “regularly” or “sometimes,” etc. (see Appendix B 
of this chapter for the complete list). These guidelines are often provided to 
teachers in higher education. In the experiment, simple text string recognition to 
detect test item construction flaws such as using negations was supplied 
automatically by the online support tool (see Chapter 5).  

6.4 Measurement model 

In the measurement model, two causal factors for the design process and 
accompanying interventions were assumed. The models are depicted in Figures 1 
and 2. Figure 1 shows the hypothesis that providing diverging support has an effect 
on the number and degree of originality of test items developed, but not on their 
technical quality. Further, it was hypothesized that developing more test items 
leads indirectly to more original test items (Brophy, 1998). These hypotheses were 
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based on the assumption these techniques have the explicit goals of improving 
quantity and originality, but not necessarily technical quality.  

 
Figure 1. Model depicting the expected influence of the independent variable of providing 
diverging support on the number of test items developed and the originality of those items. 
The + signs indicate an expected positive relationship. 

 

It was further hypothesized that there is a positive relation between intervention to 
support the convergent quality of test items and the technical quality of the test 
items developed (Figure 2), because it is the general goal of convergent techniques 
to raise technical quality rather than originality or the number of ideas. The study’s 
hypotheses include a direct causal relation between intervention and technical 
quality and no necessary relation between intervention and the number or 
originality of developed test items. 
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Figure 2. Model depicting the influence of the independent variable of providing converging 
support on the technical quality of the test developed items. The + sign indicates an 
expected positive relationship. 

 

In order to establish the extent to which the interventions did in fact affect the test 
item design process, an experimental study was conducted with three groups of 
participants. One group did not receive any support techniques (control group), 
one group was provided only with support for the convergent phase, and one 
group was provided with support for both the convergent and divergent phases. 
This arrangement allowed for identifying differences in test item design task 
outcomes based on the presence or absence of interventions provided.  

6.5 Research questions 

On the basis of the considerations outlined above, the following three research 
questions were formulated: 

1. To what extent does supporting the divergent production of ideas lead to 
more test items? 

2. To what extent does supporting the divergent production of ideas lead to 
more original test item content? 

3. To what extent does supporting the convergent phase of test item design 
lead to an increased technical quality in the developed test items? 
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6.6 Method 

Participants 

The study employed a multilevel between-subjects design. Each participant 
produced several test items, so test items were nested within participants. The 
participants were freshmen students recruited from a First Year Introduction to 
Psychology course at one university in the Netherlands. They were selected from 
those who obtained a grade of 6 or higher (on a scale of 10, B- or higher on 
American scales) on their final exam for that course, to ensure they had sufficient 
basic content knowledge regarding the selected topic of nature versus nurture for 
which they were to develop test items. This group of participants was chosen 
because it is very difficult to gather about 40 beginning teachers in psychology for 
an experiment. However, first-year students’ behavior and level of expertise 
regarding both content and test item design are likely comparable to the expertise 
of beginning teachers. The participants all took part voluntarily and were paid an 
honorarium of €30. Each participant was randomly assigned to one of three 
conditions A, B, or C and was not informed about the condition he or she was 
assigned to or the goals of the experiment. Eight participants were assigned to 
condition A, 10 to B and 20 to C for a total of 38 participants; 35 participants were 
female. 

Materials 

In order to enable entering and storing test items and to provide support to the 
participants, the online test item design support tool developed by Draaijer et al. 
(see Chapter 5) was used. The tool consists of three main panels (Figure 3); Panel 

 (left) calls up specific test item design information, Panel  (middle) displays 
that test item’s design information, and Panel  (right) is for listing, entering, and 
editing test items. The participants could navigate freely through the system, call up 
support information, and enter test items as they wished. 
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Figure 3. Screenshot of the test item design support tool.  is a panel to pull out specific 
test item design support information. Panel  contains and can show the specific test item 
design support information, and panel  is the panel in which to list, enter, and edit the 
test items. 

 

Furthermore, when the participant chose to work in either the diverging or 
converging phase, the design support information for that particular phase and test 
item format (multiple-choice, true-false, etc.) was displayed in the middle panel  
(See Figure 4). 
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Figure 4. Illustration of function for switching between design phases and how to select Start 
Sentences. 

 

Depending on their assigned condition, participants viewed different sets of 
Adobe® Presenter presentations. Participants in all groups viewed a presentation 
with instructions on how to use the test entry system and call up test item support 
information and about the various test item types available for development 
(Draaijer, 2009d). The participants in the group that in the convergent phase 
viewed a presentation about optimizing converging test items (Draaijer, 2009a), 
while the group supported in both phases phase viewed a presentation about 
generating diverging test items (Draaijer, 2009c). The group that was supported in 
both phases also viewed instructions about developing concept maps, with 
particular focus on adding elements of examples, counterexamples, and related 
concepts (Draaijer, 2009b).  

Instruments  

The dependent variables in this study were related to the outcome of the design 
task: the number, originality, and technical quality of developed test items. In order 
to detect possible differences in outcomes for different conditions, a valid measure 
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of originality and technical quality of produced test items had to be constructed. 
For creative artifacts, the consensual assessment technique (CAT) is often used for 
that purpose (Amabile, 1983). With the CAT, experts make independent 
judgements about the degree of originality and technical quality of creative 
artifacts. The judgment process is validated by studying the underlying rater 
agreement and scale reliability. Important assumptions of the CAT are that the 
judges are experts in the domain of interest, that they rate creativity holistically, 
and that underlying factors can explain different aspects that determine the degree 
of creativity or technical quality. Underlying factors include the use of material or 
variation in detail for creativity and neatness or organization for technical quality. 
Though CAT has been applied to a number of tasks (Hennessey, Amabile, & 
Mueller, 2011), it has not yet been applied to judge the quality of test items. 
Developing these scales for the current study could well warrant a study in its own 
right. Because of the exploratory nature of the current study, a relatively succinct 
CAT procedure in which independent rating of six criteria concerning originality 
and technical quality of test items was conducted to derive and validate the scales 
for originality and creativity. 

Originality 

The three most clearly observable characteristics of test items as indicators of 
originality were selected for use as observable variables: (1) whether the original 
instructional text was paraphrased; (2) whether there were attempts to combine 
two or more elements from the instructional text within one item; and (3) whether 
the participant added something new (fact, concept, principle, example, counter 
example, problem, line of reasoning, etc.) to the instructional text to create a test 
item. The variables were scored dichotomously, indicating either absence or 
presence of the particular characteristic.  

The test items were scored by two raters, the two main authors of this paper, both 
expert in the domain of psychology and education and both trained test item 
designers. Krippendorff’s alpha (Hayes & Krippendorff, 2007) inter-rater reliability 
coefficient values above 0.8 for all three variables were found between the raters, 
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indicating that the measurement agreement was sufficiently high for subsequent 
use of the rates obtained.  

Technical quality 

Second, the scale for technical quality was constructed in line with the scale for 
originality.  Three criteria deemed most important for determining the degree of 
technical quality were derived from the guidelines of Haladyna et al. (2002). These 
three criteria focus on the central element for test item technical quality, namely 
that test items must be as unambiguous and clear as possible for test-takers by (1) 
being precisely formulated, (2) being answerable unambiguously, and (3) ensuring 
all information needed to answer correctly is available. The variables were scored 
dichotomously, indicating absence or presence of the characteristic in question. 
Details for the scoring procedure of the three variables are elaborated in Appendix 
A of this chapter, while Appendix B provides the mapping of the detailed criteria 
for originality and technical quality from Haladyna et al. (2002) onto these more 
general criteria.  

With respect to the inter-rater agreement of the three separate criteria, the values 
obtained were not high. First, for the three separate criteria, Krippendorff’s alpha 
did not reach levels beyond 0.20. Second, a similarly low inter-rater agreement 
emerged with respect to the two composite measures for technical quality. The first 
composite measure is whether a test item is flawed or not based on the idea that test 
items are flawed if any of the three criteria are not met. For this composite measure, 
a Krippendorff’s alpha of 0.19 was found. The second composite measure is the 
sum score for the three criteria, designed to reflect technical quality on a scale from 
0 to 3. A correlation of 0.31 was found for this composite measure. Various 
approaches to improve construct agreement were pursued, including the re-
evaluation of scoring categories and guidelines and subsequent independent 
judgement, but none resulted in higher levels of inter-rater agreement. 

It is not uncommon, unfortunately, for low levels of inter-rater agreement to be 
found for the characteristics of test items. This is demonstrated, for example, in 
studies of Angoff standard-setting procedures for tests (Impara & Plake, 1998; 
Verheggen, Muijtjens, Van Os, & Schuwirth, 2008). In such standard-setting 
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procedures, raters need to estimate performance levels of the “barely proficient” 
student based on the raters’ estimation of the percentage of correct answers for 
each individual test item on such a test. Agreement between raters is often very low, 
especially in early rounds of rating and because the sequencing of test items 
presented to raters can influence the scoring process. It takes multiple rounds of 
training and recalibration to reach acceptable levels of agreement. The interaction 
in estimation between the level of expertise of the judges and their idiosyncratic 
estimation of proficiency levels of “barely proficient” students is a likely cause for 
these low levels of agreement. Additionally, actual performance data of students 
who answered test items must be supplied in these procedures to reach sufficient 
levels of agreement. As actual performance data were not available in the current 
study, the task of judging the technical quality of test items was an even more 
difficult task. 

Notwithstanding the possible causes for low inter-rater agreement for scoring 
technical quality, the fact remains that a low level of inter-rater agreement reduces 
the statistical power of subsequent analysis. It was thus decided to perform further 
analysis of the properties of the anticipated factors of originality and technical 
quality first by using the average score of the two raters but second, to compare the 
factors that would emerge if the data of the individual raters would be used. 

To assess the assumption that originality and technical quality constitute different 
constructs, an exploratory factor analysis (EFA) and confirmatory factor analysis 
(CFA) were conducted with MPlus Version 6. The analyses were conducted as 
multilevel analyses, because test items were nested within participants. The EFA 
was conducted with oblique rotation on the assumption that neither factor was 
independent. Extraction was based on Eigenvalues greater than one. 

Table 1 displays the results of the EFA. A two-factor model emerged from the 
analysis; no collinearity between the criteria was observed. A two-factor model also 
emerged, with the same clustering of criteria, when using the ratings from the two 
raters separately. The EFA supported the notion that originality and technical 
quality were two independent constructs. 
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Table 1 

Multilevel geomin rotated loadings for the two-factor exploratory model of originality and technical 
quality (n = 470). 

Item Factor 1 Factor 2 

Added something new 0.492 -0.017 

Elements combined 0.529 0.027 

Paraphrasing 0.655 -0.001 

Correctly answerable 0.006 0.639 

All information 
available 

-0.002 0.852 

Precisely formulated -0.023 0.334 

Note: Factor loadings > .3 are printed in bold. 

 

The results of the CFA for the two factors are shown in Table 2. 

 

Table 2 

Standardized loadings for the two-factor confirmatory model of originality and technical quality (n = 
470). 

Factor Item Estimate Estimate/Standard 
Error 

P-value Hancock H 

Originality 
Added 
something new 

0.523 3.709 0.000 0.60 

 
Elements 
combined 

0.492 4.208 0.000  

 Paraphrasing 0.663 3.994 0.000  

Technical 
quality 

Correctly 
answerable 

0.631 12.417 0.000 0.77 

 
All information 
available 

0.851 14.168 0.000  

 
Precisely 
formulated 

0.345 6.392 0.000  

Note: GFI = 1.000, RMSEA = 0 .000, χ2(15) = 93.409, p < 0.000. 
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The Hancock coefficients of the three-item scale were 0.60 for originality and 0.77 
for technical quality. As the recommended minimum Hancock coefficient lies 
between 0.70 and 0.80 (Hancock & Mueller, 2001) the scale for originality was 
relatively weak, but was considered acceptable for use in this study. Despite the 
somewhat low inter-rater agreement of the criteria for technical quality, a relatively 
reliable scale for the technical quality emerged. Repeating the analysis for the 
separate ratings of both raters resulted in the same clustering of criteria: originality 
and technical quality emerged with the same indicators. 

Given the similar clustering of criteria for the two factors, it was decided to 
continue the analysis of data using the average score of the raters. Further, because 
the observed variables were all scored dichotomously, the factors for originality and 
technical quality were constructed by adding the scores for the variables and thus 
used for further analysis. 

Procedure 

The study employed a multilevel between-subjects design. The participants were all 
allotted the same amount of test item development time with diverging and 
converging phases explicitly separated (see Figure 5 for an overview). Prior to 
developing test items, all participants viewed the self-paced Adobe® Presenter 
presentation about how to use the test item entry system, how to call up test item 
support information, and about the various item types available for development. 

Participants in condition A (the control condition) did not receive any further 
instructions about or support for diverging and converging. They were instructed 
to develop “as many as possible good and original test items about the text with the 
subject of nature versus nurture” and were informed of the time allotted for the 
process. After 60 minutes of development time, the participants were instructed to 
improve and optimize the test items developed but were not instructed explicitly to 
stop developing new test items. After about 95 minutes total development time, the 
participants were instructed to stop developing test items. 

Participants in condition B were also instructed to start developing as many 
original good test items as possible without any further special instructions. After 
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60 minutes they were instructed to stop the task of developing test items. At that 
point they viewed a self-paced instructional presentation about optimizing 
converging guidelines for test items. After that, they were instructed to improve 
and optimize the test items they had already developed but not develop any new 
test items, in contrast to condition A. Appendix F of this chapter contains the 
verbatim instructions. Participants could consult the test item design support tool 
to call up information regarding converging guidelines. 

Participants in condition C viewed a self-paced instructional presentation about the 
concept of divergence in test item design, after which they were assigned the task of 
developing a concept map (see Appendix D) for the given instructional text on 
nature versus nurture. The participants were then instructed to develop as many 
original good test items as possible (see Appendix E). During that phase, they also 
could consult the online test item design support tool to call up Start Sentences, but 
the converging guidelines were hidden during that phase. After 60 minutes, they 
were instructed to stop developing new test items and then view a self-paced 
instruction about improving and optimizing test items. After that, they were given 
45 minutes to optimize their already developed test items based on the instructions 
in Appendix F and were instructed not to develop any new test items. They could 
consult the online test item design support tool to call up information regarding 
converging guidelines. Table 3 shows the specific timings and settings for each 
condition. The total development time for each condition was 105 minutes. 
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Analysis 

Because the test items developed were nested in participants, multilevel regression 
analyses were carried out to assess the influence of the independent variables on the 
production of those items. For that purpose, the conditions to which the 
participants were assigned were represented as dummy variables. The analyses 
were carried out using MPlus Version 6 software. 

To answer the research question relating to the effects of providing the participants 
with diverging support, conditions B and C were contrasted, because conditions B 
and C differed only in the provision of diverging support. To study the effect of 
converging support, condition A was contrasted with conditions B and C 
combined, because convergent support was provided only in conditions B and C. 
For the analysis of both situations, the complete model was first entered, including 
all variables as depicted in the figures. The least predictive variables were removed 
from the model until only the significant predicting variables remained. 

6.7 Results 

Table 3 provides a summary of the numbers of test items developed for each 
condition and shows that participants in condition A, in contrast to conditions B 
and C, continued developing test items in the second phase of the test item 
experiment, although they had been encouraged to limit themselves to optimizing 
test items in that phase. The average number of test items produced across the 
three conditions was 12.4 per participant. Analysis of variance showed that there 
was no significant difference in the numbers of test items produced under the three 
different conditions (F(2, 35), p = 0.44). 
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Table 3 

Number of test items developed and mean number of test items developed by each participant. 

  
N 

(participants) 

N test 
items 

developed: 
phase 1 

N test items 
developed: 

phase 2 

N test items 
developed: 

total 
Average 

Standard 
Deviation 

Condition A  8 96 29 115 14.4 4.66 

Condition B  10 126 - 126 12.6 5.78 

Condition C  20 230 - 230 11.5 4.81 

Total  38   471 12.4  

 

Estimates were calculated for the regression coefficients, standard errors, and 
significance of the variables of a regression model to explain the variance in the 
originality and technical quality of the test items developed (see Table 4). The 
initial model showed that the only significant predictor variable was the number of 
test items developed for lower technical quality among test items (p < .001). The 
model was further progressed by stepwise removal of all non-significant variables. 
Finally, the residual covariance of originality and technical quality was set to 0 to 
eliminate any possible false relation between the two factors. This led to the final 
model (Table 4). The results show that the diverging intervention had predictive 
value for the originality of test items developed (p < .05). 
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Table 4 

The influence of diverging intervention and number of test items developed on the originality and 
technical quality of those items. 

 Initial Model  Final Model 

 b SE p  b SE p β R2 

Level of measurement          

Outcome Variable           

 Predictor variable          

Level 1 (test item): 
Originality with technical 
quality 

-0.05* 0.04 0.18  - - -   

Level 2 (participant)          

Originality of test items         0.10 

Influence of 
diverging 
intervention 

0.21 0.15 0.16  0.25 0.13 0.046 0.31  

Number of test items 
developed -0.02 0.02 0.35  - - -   

Technical quality of test items         0.69 

Influence of 
diverging 
intervention 

-0.07 0.16 0.76  - - -   

Number of test items 
developed -0.03 0.01 <0.001  -0.05 0.01 0.008 -0.83  

Number of test items 
developed          

Influence of 
diverging 
intervention 

-1.10 2.14 0.61  - - -   

Note. N = 365 (condition A participants were excluded from the analysis). b = unstandardized 
regression coefficient; β = standardized regression coefficient; p = two-sided p-value; *Covariance 
value; **Contrasting Condition C with Conditions A and B. 
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With regard to the research questions, the developed model showed that providing 
the participants with diverging intervention did not have an effect on the number 
of developed test items. Additionally, developing more test items did not result in 
test items of greater originality. The intervention did however have an effect on the 
originality of developed test items (R2 = 0.10).  

Furthermore, the number of test items developed by a participant was a negative 
predictor for the technical quality of the test items that participant developed (R2 = 
0.69). The results are presented in Figure 6. 

Anticipated Model Outcome Model 

 

Figure 6. Anticipated and outcome models relating to the effect of diverging intervention; 
numbers on the right indicate standardized regression coefficients. 

 

For the third research question, the influence of converging support was assessed 
by fitting a model with condition A and contrasting it with the combined condition 
B and C groups. First, the complete model as depicted in Table 5 was entered and 
the least significant variables were removed successively.  
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Table 5 

Influence of converging intervention and number of developed test items on the originality and technical 
quality of developed test items. 

 Initial Model  Final Model 

 b SE p  b SE p β R2 

Level of measurement          

Outcome variable          

 Predictor variable          

Level 1 (test item): Originality 
with technical quality -0.05* 0.03 0.10  - - - - 

 

Level 2 (participant)          

Originality of test items          

Influence of 
converging 
intervention** 

-0.03 0.17 0.85  - - - - 
 

Number of test 
items developed -0.02 0.02 0.41  - - - -  

Technical quality of test items         0.29 

Influence of 
converging 
intervention 

0.01 0.14 0.92  - - - - 
 

Number of test 
items developed -0.05 0.01 <0.001  -0.05 0.01 0.001 -0.54  

Number of test items 
developed          

Influence of 
converging 
intervention 

2.51 1.19 0.19  - - - - 
 

Note. N = 471. B = unstandardized regression coefficient; β=standardized regression coefficient; p = 
two-sided p-value; *Covariance value; **Contrasting Condition A with Conditions B and C. 

 

No significant predictor for the technical quality of test items based on converging 
support was found. However, as with the analysis of diverging support, the number 
of developed test items was again a negative predictor for the technical quality of 
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the test items developed. This resulted in the difference between the anticipated 
and outcome models (Figure 7). 

Anticipated Model Outcome Model 

 
Figure 7. Anticipated and outcome models relating to the effect of converging intervention. 
Number on the right indicates standardized regression coefficient. 

6.8 Conclusion and Discussion 

This study has shown that a practical intervention to stimulate divergent 
production of test items is partially effective. For the first research question – to 
what extent does supporting the divergent production of ideas lead to more test 
items? – the analysis showed no significant effect. For the second research question 
– to what extent does supporting the divergent production of ideas lead to more 
original test item content? – the study showed that the intervention indeed had a 
positive effect. As to the third research question – to what extent does supporting 
the convergent phase of test item design lead to increased technical quality in the 
developed test items? – the intervention did not show an effect. The experiment 
further showed a clear negative relationship between the number of developed 
items and the technical quality of those items. 

The finding that providing participants with diverging support is encouraging. The 
study showed that a combination of three relative easily executable techniques, 
namely priming participants to be creative and diverge explicitly, letting 
participants develop a concept map, and providing them with on online support 
system including item shells, did in fact result in test items that were more original. 
The likelihood that test items that query students for higher-order learning 
outcomes were developed was increased by these interventions and could thus 
improve assessment practices in higher education. 
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The experiment showed further that there was a clear negative relation between the 
number of test items developed and their technical quality, which implies that 
participants who focused on producing many test items rather than ensuring that 
their items were clear and unambiguous tended to sacrifice quality for quantity. 
This was true even though a specific optimization phase, based on the model, was 
implemented. For example, it was observed for the control condition that despite 
the instruction to focus on improving the test items developed, participants 
continued to conceive new items. In groups B and C, whose members were 
instructed not to develop more new test items but to improve their intermediate 
items, participants made only modest improvements to their items. The 
presentation and access to guidelines to ensure that teachers will design test items 
that are clear and unambiguous do not appear to be effective aids in the context of 
this experiment. Participants displayed the behavior once described by Ebel: “an 
idea for a test item comes to mind and the test item writer directly writes it down in 
approximately its final form” (1951, p. 190). Writing items down in nearly final 
form might be appropriate behavior for experts who are able to conceive a viable 
solution quickly, but is likely to be inadvisable for more novice test item writers. 
This result confirms the proposition that novices are both unskilled and 
incompletely aware of that fact (Dunning, Johnson, Ehrlinger, & Kruger, 2003; 
Kruger & Dunning, 1999). It also is in line with the assertion (Ericsson, 2006) that 
gaining expertise in test item design requires practice and the ability to improve 
intermediate ideas effectively (Downing & Haladyna, 2006; Mayenga, 2009). An 
explanation for the result that producing more test items was correlated negatively 
with technical quality could therefore also be attributable to the fact that the 
participants were first-year students rather than experienced teachers. Further 
study is needed to establish the effects of expertise on both diverging and 
converging phases of the test item design process. 

Though all participants in the study were allotted the same amount of development 
time for the test items, the participants in condition C were given some extra time 
to process the information on “nature versus nurture” and create a concept map. 
That extra amount of time did not mean that condition-C participants produced 
more test items. However, together with the other two intervention elements 
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(priming and Start Sentences), it did result in test items of greater originality. 
Whether that was caused by the extra allotted time, the intervention, or both could 
not be established in this study. Further, the extent to which the three individual 
elements of the intervention to support diverging contributed to this result cannot 
be established on the basis of the collected data. Further research is needed to 
clarify these important questions.  

The study revealed significant effects for the originality of the developed test items 
on the basis of the interventions. However, as the number of participants was 
limited, it is possible that other relevant effects were not detected.  For example, the 
study showed that an increasing number of developed test items by participants 
resulted in lower technical quality of the test items. The number of developed test 
items was however not significantly related to the intervention itself. Increasing the 
number of participants could be beneficial for establishing a better test of the 
hypothesis that the intervention has an influence on the number of test items 
developed. Also, an experiment could have been conducted in which the number of 
test items to be generated was fixed for all participants to eliminate the effects of 
different numbers of test items designed. 

Other important questions relate to the quality of the instruments, especially 
regarding technical quality of test items. In the current study, a higher inter-rater 
reliability for indicators of technical quality would have been beneficial, as would 
higher-scale reliability for originality. Higher-scale reliability would likely have 
resulted in more pronounced observed effects, as low-scale reliability obscures 
possible detection of effects because more error or bias will be present in the data. 
It has already been noted that low inter-rater agreement regarding characteristics of 
test items is quite common, and an example was provided regarding establishing 
levels of difficulty for test items (Impara & Plake, 1998; Verheggen et al., 2008). We 
can further speculate that, in contrast to the application of the consensual 
assessment technique for artifacts with a more or less infinite solution space such as 
poetry, collages (Amabile, 1983), or industrial products, assessing especially the 
technical quality of test items appears more difficult for two important reasons. 
First, the extent of test item originality is bound by the fact that any solution should 
remain within the boundaries of a given subject domain (Downing & Haladyna, 
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2006), but these boundaries are ill-defined and leave much room for interpretation. 
It is difficult to establish when ideas are original but not absurd, especially for 
distractors in multiple-choice test items. In addition, when ideas are simply not 
well demarcated or not written well it is difficult to assess their correctness. If ideas 
are absurd, they are flawed in technical quality. Second, assessing technical quality 
is not simply noting the absence of obvious flaws or the presence of univocity, 
concision, or fine handcrafting. It is more about – as the authors themselves 
experienced – evaluating the completeness, coherence, and correctness of a test 
item in the context of ill-defined spaces of facts, concept, principles, procedures, 
and – equally significantly – plausible but more or less incorrect facts, concepts, 
principles, or lines of reasoning for distractors. The difficulty of assessing the 
technical quality of test items is further increased by the lack of suitable cognitive 
models in many test item domains (Haladyna & Gierl, 2012), especially in topics 
covered in higher education and idiosyncratic perceptions that respondents can 
have, no matter how simple the items’ wording (Schober, 1999; Schwarz, 1999) and 
competency differences between judges of items (see for example Verhoeven, 
Verwijnen, Muijtjens, Scherpbier, & Van der Vleuten, 2002). 

The study offers a number of avenues for future research. First, the scope could be 
broadened. For example, other creativity techniques, the effects of training with 
specific creativity techniques (see for example Scott, Leritz, & Mumford, 2004), the 
effects of exerting extended effort (Basadur & Thompson, 1986), and the effects of 
expertise (see for example Chi, 2006; Regehr & Norman, 1996) all offer 
opportunities for further investigation and optimization of the test item design 
process. Chapter 7 offers insights into the effects of extended effort and expertise in 
the test item design process. 

Finally, the experiment provides evidence for the appropriateness of considering 
tests item design to be an ill-defined creative problem solving task in which 
divergent and convergent cognitive processes are central as argued in chapter 2. 
The experiment in the current chapter showed that an effect on originality of test 
item design can be achieved by a practical and relatively simple intervention 
stemming from creativity stimulating techniques literature. Emphasizing and 
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capitalizing on this perspective regarding test item design can support teachers or 
educational technologists to improve teachers’ designing of test items. This first 
experiment provides a clear argument for studying and developing more and new 
interventions to improve the divergent phase of test item design and, consequently, 
higher education assessment in general. 
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6.10 Appendices 

Appendix A 

Table 7 

Criteria for judging the technical quality of the test items developed. 

 Criterion Readable item Additional instructions for scoring Scale 
Tech-
nical 
quality 

Precisely 
formu-
lated 

Is the test item 
formulated 
precisely and 
clearly? If YES: 
score = 1, 
otherwise score = 
0. 

This criterion is mainly about grammar, 
style, mechanics 
Elements that make the test item either 
vague or absolute (always, never, 
sometimes, mostly, strong, could, etc. ) 
influence this negatively 
Woolly language indicates imprecision, 
a negative influence 
Use of lay or casual wording also 
indicates imprecision, a negative 
influence 
Use of high school jargon also indicates 
imprecision, a negative influence 
Vague wording taken literally from the 
text also indicates imprecision (i.e., 
daily use.), a negative influence 
 

Dicho-
tomous 

 Correctly 
answer-
able 

Is there a correct 
answer to the test 
item? If NO: score 
= 0; or are 
multiple answers 
correct?: score = 
0, otherwise score 
= 1. 

Keep the critical student in mind. Can 
the critical student successfully 
confront the test item and find the 
correct answer or can that critical 
student also argue successfully that a 
supposedly incorrect answer is in fact 
also correct? 
Keep in mind that answers can be 
correct even if they were not in the text 
itself, so correct answers taken literally 
from the text are not always and 
automatically the only correct answers. 
If there is no stimulus but only answers, 
then there is no answer or there are 
multiple correct answers, so score=0. 
With a fill-in-the-blank test item, from 
which the main wording is taken 

Dicho-
tomous 
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literally from the text, there is only one 
correct answer, so score=1. 
When there is doubt about the correct 
answer, score=0 
If there is an answer that can be 
identified as best or most correct, but 
not absolutely correct, score=1 
 

 All 
informati
on 
available 

Is the test item 
answerable on the 
basis of the given 
text; new elements 
could be present 
in the test item 
that and not 
violate this rule. If 
NO: score = 0, 
otherwise score = 
1. 

Include the best or most correct answer 
in this test item; if this is omitted or in 
doubt, score = 0 

Dicho-
tomous 
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Appendix B 

Table 8 

A revised taxonomy of multiple-choice (MC) item-writing guidelines (Haladyna et al., 2002) and 
mapping with the scoring of originality and technical quality of the test items of the current study. 

Concern Usefulness for this 
study 

Appli-
cability, 
Rate 

Guideline taken up in 
the general construct for 
technical quality 

Content concerns    

1. Every item should reflect 
specific content and a single 
specific mental behavior, as 
called for in test specifications 
(two-way grid, test blueprint). 

Not applicable: students 
have a given piece of 
instructional text for 
which to develop 
questions 

  

2. Base each item on 
important learning content; 
avoid trivial content. 

Not applicable: students 
have a given piece of 
instructional text for 
which to develop test 
items 

  

3. Use novel material to test 
higher-level learning. 
Paraphrase textbook language 
or language used during 
instruction when used in a 
test item to avoid testing for 
simply recall. 

Applicable: 
paraphrasing is 
necessary, but so is 
finding novel ways, 
examples, and concepts 
to query the examinee 

 Is the test item 
paraphrased? 

Does the test item add 
new ideas, angles, facts, or 
concepts to the 
instructional text? 

Are two or more elements 
from the instructional text 
combined into one test 
item? 

4. Keep the content of each 
item independent from the 
content of other items on the 
test. 

Not applicable   

5. Avoid over specific and 
overly general content when 
writing MC items. 

Applicable: making sure 
that there is only one 
correct answer. 

Low  
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Concern Usefulness for this 
study 

Appli-
cability, 
Rate 

Guideline taken up in 
the general construct for 
technical quality 

6. Avoid opinion-based items. Applicable: see #5 Low  

7. Avoid trick items. Applicable Low and 
difficult to 
establish 

 

8. Keep vocabulary simple for 
the group of students being 
tested. 

Applicable  Is the test item precisely 
formulated? 

Formatting concerns    

9. Use the question, 
completion, and best answer 
versions of the conventional 
MC, the alternate choice, 
true-false (TF), multiple true-
false (MTF), matching, and 
the context-dependent item 
and item set formats, but 
AVOID the complex MC 
(Type K) format. 

Applicable: to the issue 
of avoiding the K-type 
test item format 

Low  

10. Format the item vertically 
instead of horizontally. 

Not Applicable   

Style concerns    

11. Edit and proof items. Not Applicable   

12. Use correct grammar, 
punctuation, capitalization, 
and spelling. 

Applicable  Is the test item formulated 
precisely? 

13. Minimize the amount of 
reading in each item. 

Applicable: difficult to 
determine, however 

 Is the test item formulated 
precisely? 

Writing the stem    

14. Ensure that the directions 
in the stem are very clear. 

Applicable  Is the test item formulated 
precisely? 
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Concern Usefulness for this 
study 

Appli-
cability, 
Rate 

Guideline taken up in 
the general construct for 
technical quality 

15. Include the central idea in 
the stem instead of the 
choices. 

Applicable  Is all information 
available to answer the 
test item? 

16. Avoid window dressing 
(excessive verbiage). 

Applicable  Is the test item formulated 
precisely? 

17. Word the stem positively, 
avoid negatives such as NOT 
or EXCEPT. If a negative 
word is used, use it cautiously 
and always ensure that it 
appears in bold capital letters. 

Applicable  Is the test item formulated 
precisely? 

Writing the choices    

18. Develop as many effective 
choices as you can; research 
suggests that three is 
adequate. 

Applicable  Is only one answer correct 
or obviously the best? 

19. Make sure that only one of 
these choices is the right 
answer. 

Applicable  Is only one answer correct 
or obviously the best? 

20. Vary the location of the 
right answer according to the 
number of choices. 

Not Applicable   

21. Place choices in logical or 
numerical order. 

Applicable Low Is the test item formulated 
precisely? 

22. Keep choices independent; 
choices should not be 
overlapping. 

Applicable  Is only one answer correct 
or obviously the best? 

23. Keep choices 
homogeneous in content and 
grammatical structure. 

Applicable  Is the test item formulated 
precisely? 

24. Keep the length of choices 
roughly equal. 

Applicable Low Is the test item formulated 
precisely? 
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Concern Usefulness for this 
study 

Appli-
cability, 
Rate 

Guideline taken up in 
the general construct for 
technical quality 

25. None-of-the-above 
answers should be used 
carefully. 

Applicable Low Is the test item formulated 
precisely? 

26. Avoid all-of-the-above 
answers. 

Applicable Low Is the test item formulated 
precisely? 

27. Phrase choices positively; 
avoid negatives such as NOT. 

Applicable Low  

28. Avoid giving clues to the 
right answer, such as 

   

a. Specific determiners 
including always, never, 
completely, and absolutely. 

Applicable Low Is only one answer correct 
or obviously the best? 

b. Clang associations and 
choices identical or very 
similar words in the stem. 

Applicable Low Is only one answer correct 
or obviously the best? 

c. Grammatical 
inconsistencies that cue the 
test-taker to the correct 
choice. 

Applicable Low Is only one answer correct 
or obviously the best? 

d. Conspicuous correct 
choice. 

Applicable Low Is only one answer correct 
or obviously the best? 

e. Pairs or triplets of options 
that cue the test-taker to the 
correct choice. 

Applicable Low Is only one answer correct 
or obviously the best? 

f. Blatantly absurd or 
ridiculous options. 

Applicable Low Is the test item formulated 
precisely? 

29. Make all distractors 
plausible. 

Applicable: difficult to 
assess, however; 28f is 
more easily identifiable 

 Is the test item formulated 
precisely? 
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Concern Usefulness for this 
study 

Appli-
cability, 
Rate 

Guideline taken up in 
the general construct for 
technical quality 

30. Use typical errors by 
students to compose your 
distractors. 

Not applicable   

31. Use humor only if it is 
compatible with the teacher 
and the learning 
environment. 
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Appendix C* 

Stimulus with which participants were provided to design test items. 

0 Maturation and learning; heredity and environment; nature and nurture
1 Is a certain mental development due to maturation of the brain or training, or both? 

Are individuals determined by their predispositions (nature) or by their 
environments (nurture)? 

2 Today there is virtually no psychologist who chooses one or the other without 
nuance. It is always a combination of both factors, but in different strengths, 
depending on the particular development under consideration. 

3 It is generally accepted that the physical constitution, including genetic 
predisposition and age, indicate the limits of what can be reached by learning and 
practice at any given time. It is thus impossible to teach a child of six months to walk 
or talk, just as it is impossible to teach a child of six advanced calculus or relativity 
theory. 

4 However, some behaviours can be learned with exercise at an age at which the central 
nervous system is not yet optimally developed. This is true of both motor and 
cognitive behaviours. These skills are closely tied to the maturation of the central 
nervous system. In this context the term “sensitive period” is vital and indicates the 
age of an individual at which something can be learned most quickly and with better 
results than if learned earlier or later. 

5 In everyday life, the maxim “the sooner the better” is widely accepted for learning 
languages, playing musical instruments, or key sporting skills. 

6 The conflicts between the followers of predisposition and the environment are 
enormous, especially when it comes to the development of intelligence and other 
personality differences such as tendencies to aggressive behavior, addiction, 
depression, or optimism. 

7 A current trend, however, is not to focus on the contrast between or fusion of 
biological and social determinants because humans can determine their own destiny 
and development. The call of the Utrecht philosopher Langeveld is strong; he long 
ago advocated that the aim of education should be to teach students "self-responsible 
self-determination,” though even this point of view leaves open the issue of whether 
some individuals are better equipped than others to shape their own development 
and future. 

* The original stimulus of nature versus nurture was written in Dutch. 

  



Supporting Divergent and Convergent Production of Test Items 

253 

Appendix D* 

Concept mapping task for condition C 

3 Develop a Concept Map 
Study the text that forms the basis for developing test items. 
 
Develop a Concept Map on paper that is as extensive as possible, using that text as a 
basis . Please put your login and last name on the paper. Important notes: 
• Add facts and concepts from other related domains and disciplines; 

• Add examples and counterexamples that can serve to inspire possible distractors for 
test items; 

• Sketch any images, graphs, or tables that might aid the process. 

* The original task was written in Dutch.  

Appendix E* 

Diverging task for condition C. 

4 Generate and Diverge 
 
Generate as many draft test items as possible. Do not let yourself be stopped by negative 
thoughts. Write down as much as you can. Everything that comes to your mind may 
form a usable path for a test item. In the notes field, you can jot down any additional 
thoughts. Use information from the online tool to conceive new ideas. 

* The original task was written in Dutch. 
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Appendix F* 

Task description, for conditions B and C, to use convergent thinking on the 
developed questions and optimize them. 

5 Optimize and Converge 
 
Optimize the test items in order to ensure that they comply with the general guidelines 
for well-crafted test items. Use all the information from the online tool. 
 
You are not allowed to generate new test items. 

* The original task was written in Dutch. 

 

 


