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Abstract 
This paper proposes a provisional answer to the question: How do Cognitive Tools 
Expose and Enable Critical Thinking? In so doing, it reports the results of research 
based on authentic achievement tests designed as a multiple case study. The main 
findings indicate that students perform best on knowledge-based aspects of critical 
thinking, worst on cognitive aspects, and somewhere in between on constructive 
aspects. It concludes by offering an explanation of each, suggesting that tool-based 
mechanisms can, indeed, expose and enable each of these aspects of critical 
thinking. 

 
Introduction 
 
The knowledge society is dynamic, global and interconnected. More 
than ever before, a key skill will be the ability to process and deploy 
information critically. The knowledge society is, also, technologically-
enabled. The last ten years have seen the growth of the internet, 
mobile computing, social networking technologies, Web 2.0 
technologies and thousands of computer-based tools. In recognition of 
the impact of  ICT on education, the  Irish government has formulated 
a Strategy for ICT in Schools, due for publication, and set aside 252m 
euro to finance it. 
 
The relationship between the need for critical thinking and the use of 
ICT, in educational settings, has been foregrounded and  reiterated by 
Irish policy makers. The National Development Plan 2007-2013 
identifies the need  ‘to embed key skills such as learning to learn and ICT, to 
develop higher order thinking skills’ as a priority to be addressed (NDP 2007: 
198).. The NCCA also underlines the link between critical thinking and learning 
technologies, noting that ‘ICT adds value to the curriculum when it 
supports the development of students’ higher order thinking skills. 
(NCCA 2004: 34) 
 
This paper looks at how one aspect of ICT- electronic, cognitive tools - 
can support critical thinking. 
 

Theoretical framework 
 
There is no universal agreement on the nature of critical thinking. This 
paper uses the framework immediately below. The framework reflects 
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the dominant ideas of the discourse on critical thinking in the last 
century (Facione 2006, Fisher 2001, Facione 1991, Glaser 1941, 
Dewey 1933) 
 
CRITICAL THINKING….. 
 

• is based on both domain-specific and general knowledge.  
• requires cognitive skills  
• is inherent in construction and the creation of material objects or 

artefacts 
• requires metacognitive skills 
• is as much about ‘doing’ as it is about ‘thinking’ 
• is not well understood. It is a human construct. We are uncertain 

as to its nature and even as to whether or not it objectively 
exists. Thus any view of CT, including this one, must be 
considered provisional. 

Cognitive Tools 
A tool has been defined as a ‘device’ or instrument ‘that aids in 
accomplishing a task’ (Merriam Webster). A cognitive tool then is, 
simply, a device that assists in the accomplishment of cognitive tasks 
(Jonassen 2003:372, Lajoie 1993). Examples of technical, electronic, 
cognitive tools are concept maps, spreadsheets and hypermedia. 
 
Jonassen classifies cognitive tools into, Knowledge Construction tools, 
Modeling tools, Semantic Organisation tools and Visualisation tools 
(Jonassen & Carr 2000: 168 et seq, Jonassen 2003: 372 et seq). 
Hypermedia tools are one example of Knowledge Construction tools. 
Spreadsheets are one example of Modeling tools. This paper is 
primarily concerned with Hypermedia and Spreadsheet tools. 
 

Methodology 
 
This paper addresses the following question: How  do cognitive tools 
expose and enable critical thinking?  While, given the nature of critical 
thinking, the answers to this question must be, provisional they are, 
nonetheless, we believe, indicative of the interplay between  tools and 
thinking. 
 
The research has been designed as a small scale Multiple Case Study 
(Yin 1994:13).  In the real life setting of a third level college, IS 
Management student-subjects engage in four authentic critical tasks –
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cases- using general purpose authentic cognitive tools, specifically 
Hypermedia and Modelling tools  
 
The overall design envisages two principal, complementary methods of 
data collection, COGITASK and OLD. The COGITASK method is an 
achievement test - an authentic critical thinking task completed with 
authentic cognitive tools - designed to capture objective empirical data 
about performance on a critical thinking task. The OLD method is an 
online discussion, designed to capture subjective empirical data about 
students’ perceptions of their performance (Draper 1996:12-13, Clegg 
et al. 2000: 126-130, Harrison et al. 2004, Ellis et al. 2005:244). 
 
Each COGITASK/case requires  the production of electronic artefacts 
such as a web-site or a spreadsheet model (cp McFarlane et al. 2000: 
203-6). The cases are classified by tool category. There are two 
Hypermedia and two Modelling cases. Between three and five student 
teams complete each of the cases. The cases are broadly 
representative of the range of tasks in which IS Management students 
might be expected to engage in the IS workplace. The trustworthiness, 
especially the validity and reliability, of the research design strategy, 
methodology and methods were favourably evaluated in a pilot study 
prior to the main research (Yin 1994: 33-39, Robson 2002:100-110, 
168-177, Bryman 2001:29-32, 270-276). 
. 
The quantitative methods and techniques, known as exploratory data 
analysis, ideal for the analysis of small data sets, are used, here, to 
analyse the COGITASK data (Erickson.& Nosanchuk 1988, Ehrenberg 
1982, Tufte 1986). 

Data and Results 
 
Analysis of Features 
Each Cogitask is scored on four features: Content, Functionality, 
Structure & Construction, Layout & Consistency. Each of these features 
is in turn made up of a number of items (See Appendix). This section 
presents a summary analysis of the features and items data  and how 
we might interpret this data in relation to tool-based critical thinking. 
 
Feature 

Mean 

Highest 
Possible 
score 

Mean as % of 
Highest 
Possible score 

Content 19.4 25 78% 
Functionality 12.7 30 51% 
Structure & 16.3 25 65% 
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Construction  
Layout & Consistency 16.3 20 65% 

 
Table 1: The average and adjusted average scores for the four 
Cogitask features 
 
From the Table above it is clear that critical thinking performance is 
affected by features within the Cogitask. For instance, on the Content 
feature students attract, on average, roughly ¾ of the marks available 
(78%). However, students attract only half the marks available for the 
Functionality feature (0.51%). Thus performance is not uniform across 
features: scores for Content are , relatively, high; scores for 
Functionality are, relatively, low and the scores for the other two 
features are somewhere in between. 
 
Analysis of Items 
We now proceed to a brief analysis of the 26 items that comprise the 
four features above (1) Content (2) Functionality (3) Structure & 
Construction and (4) Layout. (Appendix ) 
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Fig 1: Stem and leaf plot of adjusted average scores for [26 items 
across [4 features. (Score range 0-5) 
 
Content 
The figure above shows the distribution of all items across all four 
features. Examining the high 4 data we find that it consists, mostly, of 
the scores for items in the Content feature. The other high scores [4.7, 
4.3 are for the items Examples, Sheet Title and Headings.  
 
The lowest scores [0.9,0.1 are for Drill Down and Interactivity items. 
Furthermore, it is noteworthy that the four lowest scoring items Drill 
Down, Interactivity, Exception Reports and Searching are all items in 
the functionality feature. This is discussed more fully below. 
 
Functionality Items 
 
Error! Not a valid link. 
 
Fig. 2: Column chart of average item scores for the functionality 
feature. 
 
Turning to the figure above, two groups of items stand out fairly 
clearly: some high score items in one group, on the right and the 
remaining (relatively), low score items in the bottom left. 
 
Thus, the high scores for Examples and Graphics (to a lesser extent 
Summaries) might be accounted for by the fact that these are 
descriptive in nature, whereas, the two low score items  Drill down and 
Dynamic Input/Interactivity require deeper learning. 
 
Structure & Construction, Layout & Consistency   
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The table below shows the average item scores for the Structure & 
Construction feature. 
 

Items 
Ave 

Score 

Ave 
Adj. 

score 

Nav 12_Menu inc. Hyperlinked 
Menus 3.1 3.8 
Overview_Beginning-End 3.0 3.8 
Nav 12_Ease of use (to find ones 
way around) 2.9 3.7 
Overview_An overview of the overall 
design 3.4 3.4 
Nav 12_Navigation links: 
Back/Home/Next 2.2 2.8 
Overview_No. of design levels 2.2 2.7 

 
Table 2: Average item scores, (out of 5), for [6 items of the Structure 
& Construction feature. 
 
Two characteristics are obvious. Firstly, most of the average item 
scores are of the same order. For example, the top 4 scores range 
from 3.8 to 3.4. More noteworthy however, is the lowest score, 2.7, 
for the  No of  design levels item.  Since the No of  Design levels item 
is an indicator of the number of conceptual levels which students have 
taken into account in their conceptualisation of the problem and in the 
formulation of their design, it is, like Drill Down, an indication of depth 
of learning. 
 
Layout & Consistency  Scores are very similar to the above. 

Findings and the Theoretical Framework 
 
The findings are summarised below with reference to the first three 
elements of the theoretical framework: that is, its knowledge-based , 
cognitive and constructive elements.. (The remaining elements are to 
be dealt with in a subsequent paper.). In relation to each element of 
the critical thinking framework we (1) summarise the findings (2) offer 
some possible explanations and (3) suggest, tentatively, how the tool-
based mechanism is exposing or enabling the critical thinking effect 
under discussion. We begin with a brief overview of principal findings 
 

• Students perform best on the Content feature. (Knowledge): 
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• Students perform worst on the Functionality feature. 
Understanding can be shallow (Cognitive): 

• Students are reasonably good at the assembling 
components/ideas into artefacts (Constructive): 

 
Knowledge aspect of Critical Thinking 
Finding(s) 
Content  
Students perform best on the Content feature. 
 
Possible Explanations 
Content items attract high scores perhaps because they are strongly 
descriptive.  Items in other features, with similarly high descriptive 
elements, such as Examples and Summaries items of the functionality 
feature, also attract high scores. Content with its high descriptive 
element roughly corresponds to Bloom’s ‘Knowledge and 
Comprehension’, categories which rank lowest in Blooms cognitive 
domain (Bloom 1956, Appendix). Since these are the easiest cognitive 
skills to master, one would expect students to score high on this 
feature.  
 
Content tasks are familiar tasks. Students are exposed to such tasks 
throughout their educational lives. Since they are familiar tasks one 
would expect students to perform well on them. 
 
It is easy to visualise the electronic version of a content task. A hand 
written report does not look much different to its computer equivalent. 
Thus, the amount of transformation required to convert hand written 
content into its electronic counterpart is small. 
 
Relevant Tool-based Mechanisms and How they work 
Examples of tool-based Mechanisms producing effects related to 
Content aspects of critical thinking are Templates, Tables, Text Holders 
(Title slots) and Formatting 
 
Content Templates enforce the completeness of content. The 
mechanism calls attention visually to any gaps or omissions in the 
content. Simple examples of this are slides where the title slot is 
empty or a table where one column is blank. Each of these present 
visual reminders that there are knowledge lacunae which need to be 
filled in. 
 
Content Templates enforce the consistency and structuring of 
composition. The mechanism calls attention visually to the inconsistent 

 7



arrangement of text, titles, objects, icons, media clips etc on a page. 
This provides the student with visual feedback on the structure of 
ideas. 
 
 
Cognitive aspect of Critical Thinking: Application and 
Analysis 
Findings 
Functionality 
Students perform worst on the Functionality feature. Indeed, it is 
noteworthy that of the 26 items that comprise all features, the four 
lowest scoring items -Drill Down and Interactivity, Exception Reports 
and Searching - are all items in the functionality feature. 
 
Depth of learning & Vertical Interrelatedness of Ideas 
There is evidence to suggest that students’ understanding can be 
shallow (Greeno et al. 1996:17-28). For example, within the 
functionality feature, the Drill Down item is indicative of depth of 
understanding. Students perform worst on this item.  Similarly, within 
the Structure & construction feature, Students perform worst on the 
No. of Design Levels item. This item is, also, an indicator of depth of 
understanding (Brown 1992: 159) 
 
Overall design & Lateral Interrelatedness of Ideas 
The analysis of the Overall design is frequently inadequate and 
shallow. There is evidence that students do not spend enough time 
considering not just the vertical relationships between ideas but also 
the lateral interrelationships. 
 
Possible Explanations 
Students do not invest enough cognitive effort in the planning and 
design phases of the task. One of many possible reasons for this is 
that these phases often do not provide timely or easily identifiable 
cues to progress, and, thus, may be demotivating.  
 
Depth of knowledge -one of the hallmarks of CT expert - takes a long 
time to acquire (Lajoie 2003). Thus a certain shallowness of 
understanding typifies naïve approaches to critical thinking. 
 
Conceptually difficult: This aspect of the  task requires high levels of 
abstraction. For instance, it can be difficult (1) to discover lateral 
relationships between components/entities and (2) to model them 
accurately etc 
 

 8



 
Relevant Tool-based Mechanisms and How they work 
Examples of tool-based Mechanisms producing effects related to 
Cognitive aspects of critical thinking are Hyperlink, Linked formulae, 
Multi-level sorting 
 
The hyperlinks feature enforces analysis since it cannot be used unless 
the student has already analysed the artefact into (1) its separate 
components and (2) decomposed each component into 
subcomponents. 
 
The hyperlinks/relationships feature enforces the conceptualisation of 
(laterally) interrelated ideas  since it cannot be used until the student 
has analysed the artefact into (1) its separate components/entities and 
(2) determined the lateral relationships, both nature and degree, 
between components/entities. 
 
The physical (spreadsheet) structures enforce analysis since they 
cannot be used until the student has analysed the logical structures of 
the artifact. 
 
 
Constructive aspect of Critical Thinking:  
Findings  
Students are reasonably good at assembling components and 
subcomponents into the final constructed artefact.. Similarly, once 
students have generated the ideas, they are good at assembling them 
into coherent summaries.. 
 
Possible Explanations 
Much of the working lives of these IT students is spent troubleshooting 
user problems and ‘fixing things’. The finding above perhaps reflects 
the positive orientation of these technical students to doing rather 
than to planning. 
 
Component Assembly is a concrete activity which provides tangible 
evidence of success or failure. In the case of the former it enhances 
motivation, in the case of the latter it facilitates corrective action.  
 
Prior to engaging in these constructive tasks, students have a clear 
model in their heads about what the end result should look like. For 
instance, before doing the web-site COGITASK they will have seen lots 
of examples of websites. Thus, they have a clear idea of the 
requirement 
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Assembling ideas- summarising- is a familiar task. Students have a lot 
of practice at doing this in the educational system. Summarising is 
also a descriptive task – thus, cognitively less demanding. 
 
Relevant Tool-based Mechanisms and How they work 
Examples of tool-based Mechanisms producing effects related to 
Constructive aspects of critical thinking are Menus, Navigation, 
Summarising features, Grouping,  
 
The Menus and navigation features enforce analysis since they cannot 
be used unless the student has already analysed the artefact into 
logical components and transformed these into physical component 
pages.  
 
The mechanism may provide an auditory and/or visual signal to 
indicate an error in construction. For instance, it may beep if a student 
attempts to navigate to a page which he has not, as yet, constructed. 
 
The Grouping feature is one feature for ensuring consistency. It can 
only be used if the student has already analysed the pages into similar 
and dissimilar components. 
 
Certain summarising features, such as the Subtotals feature, can only 
be used if the student has already prearranged his data (according to 
certain rules) so that it is consistent from sheet to sheet and within 
each ordered in a particular way. 
 

Further Research 
 
The two principal methods of this study are COGITASK and OLD. This 
paper has presented the data from the COGITASK. It is now proposed 
to designed to capture subjective data about students’ perceptions of 
their performance from the OLD method. A content analysis of this 
data should illuminate, corroborate or modify the tentative suggestions 
proposed here. 
 

Summary 
 
Students score highest on knowledge aspects of critical thinking and 
lowest on cognitive aspects and somewhere in between for 
constructive aspects. Some of the main reasons for their performance 
are the task content, its level of abstraction and their familiarity with 
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the task. Cognitive tool based mechanisms support critical thinking by 
calling attention to the need for prior analysis, problem-structuring 
prior to construction, and for completeness and consistency in the 
course of it. 
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Appendix : MS for the COGITASK 

COGITASK Marking Scheme    
    

COGITASK:  Online Tutorial  Group No   
    
Feature to be Marked   Mark Bloom 

Content   25 Knowledge/Comprehension 
Lesson Objectives 5   Knowledge/Comprehension 
Main Point 1 (KRAs) 5   Knowledge/Comprehension 
Main Point 1 (KPIs) 5   Knowledge/Comprehension 
Main Point 1 (Targets) 5   Knowledge/Comprehension 
Main Point 1 (Data) 5   Knowledge/Comprehension 
Other     Knowledge/Comprehension 

Functionality: Main characteristics 30   Application/Analysis/Synthesis 
Summaries 5   Synthesis 
Hyperlinked text (Drill down) 5   Application/Analysis 
Graphics 5   Application 
Related Topics  5   Application/Analysis 

{Any 2 of the items below}     Application 
Quizes/Tests (Dynamic Input) 5   Application 
Searching/Enquiry 5   Application 
Examples 5   Application 
Other     Application 

Structure & Construction issues 25   Synthesis/Analysis 
Overall Design Hierarchy: (13)  
  

    

 
An overview of the overall design 5   Synthesis/Analysis 
No. of design levels 4   Analysis 
Beginning-End 4   Synthesis 
       
Navigation (12)      

Menu inc. Hyperlinked Menus 4   Synthesis 
Navigation links: Back/Home/Next 4   Synthesis 
Ease of use (to find ones way around) 4   Synthesis 

       
Other     Synthesis 
Within Sheet/Page Layout & Consistency 20   Synthesis/Analysis 
Sheet Title and Headings 4 4   Synthesis/Analysis 
Menus 4 4   Synthesis/Analysis 
Data 4 4   Synthesis/Analysis 
Navigation placement (Home/Back/Next) 2 2   Synthesis/Analysis 
Related Links (Formulae + Assumptions + Macros 2) 2 2   Synthesis/Analysis 
Graph Area 2 2   Synthesis/Analysis 
Other (Areas that cannot be overwritten 2) 4 2   Synthesis/Analysis 
Grand Total   75  
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