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 There is nothing I believe to be epistemologically more 

unsound than this identification of the knowers knowledge or 

experience with the reality of the object he knows. 

 Von Hartmann 
(1919) 
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Abstract: 
 
 
The proposed introduction of modern technology syllabi incorporating new 

topics including control and robotics provided the inspiration for this project. 

The primary focus of the project sought to evaluate the designed teaching 

package “Robotics and Control”. The secondary focus examined problem 

solving as a critical component of technology education. Both qualative and 

quantitative methodologies were employed to evaluate the teaching package. 

This research documented the views of student and experienced teachers in 

assessing the packages effectiveness. In conclusion the teaching package was 

deemed to be suitable for pupils of higher ability. It is evident that the package 

needs modification to cater for pupils of all abilities. Based on the literature 

concerning this subject students are only exposed to a limited number of 

problem solving processes. Design is the favoured process of problem solving. 

In order for pupils to develop superior problem solving skills various problem 

solving processes need consideration.     
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I. Introduction  
 

This project deals with the design and evaluation of a teaching package entitled 

‘Control and Robotics’. The package had been designed in accordance to the 

specifications outlined in the draft Technology Syllabi for Leaving Certificate 

Engineering Technology and Leaving Certificate Technology.   

 

II. Background 
 

Technology education in Ireland is at a time of decline in popularity, the 

production of draft syllabi as a corrective action is seen by many as catch up. 

This reactive measure is hoped to reignite pupil interest and participation levels. 

Technology education may be viewed as a vocational subject by some however 

with the increasing awareness of complex cognitive and critical thinking in such 

operations this view is progressively altering. The cross curricular link with 

technology needs to be utilised as at present technology is a balkanised subject. 

Due to the speed and progress of technology the memorisation of data is an 

ineffective pedagogy. The pedagogy that needs to be adapted is where pupils 

learn the skills to solve problems that they have not encountered before in a 

supportive environment.  Technology and problem solving are related as 

technological advancements are the resultants of problem solving processes 

(DeLuca). Problem solving processes are various and can result in different end 

products. The problem solving process used predominately in technology 

education is design. With a growing concern regards design as pedagogy an 

alternative pedagogy must be adopted and implemented. An integration of all 
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problem solving processes may be the solution to this concern. John Holt 

observed that ‘the true test of intelligence is not how much we know how to do, 

but how we behave when we don’t know what to do’ (Infoescula Project). 

Lego® Mindstorms™ was the selected medium to do what Holt Observed. This 

controlled environment was used to provide pupils with an opportunity to learn 

the skills necessary for successful problem solving.  

 

III. Justification of the research 
 

The selection of this project was to provide an individual with the experience of 

designing and manufacturing a teaching package and following on from this 

work with an investigation to evaluate its effectiveness in context. This 

knowledge provides a deeper understanding of the classroom conditions and 

invaluable information regarding the technology subjects and there teaching. 

The significance of this project displays the necessity for evaluation of such 

teaching packages/resources, construction kits and software programming 

languages. The constant up dating of these along with relevant research will 

help improve learning for both pupils and teacher alike.  

The project scope is confined within two main areas, (1) the teaching package 

and evaluation, (2) problem solving in technology education (Irish context). 

Previous projects concerning cognitive technology education according to Zuga 

cover a wide range of topics but are not developed in any great depth. She also 

states that a theoretical pedagogic perspective needs to be outlined before the 

research is started. With Zuga’s comments in mind, this project focused on two 
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areas previously outlined. Constructivism is the selected as the theoretical 

perspective taken. 

 

From the above the aims of the project are borne out. 

 

 To design and produce a teaching package fulfilling the 

requirements of the technology syllabi. 

 To research problem solving as a component of technology 

education.  

 

 

IV. Project structure 
 

The literature review raises both technical and theoretical issues such as 

problem solving and design that are critically apprised in chapter 2. The 

research process for the evaluating the teaching package is discussed in chapter 

3. The findings of the evaluation are outlined in chapter 4.  A discussion of the 

analysed data relating to the literature review can be found in chapter 5. Chapter 

6 concludes the project with a short conclusion and a list of recommendations.        
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I. Introduction 
 
 
Problem solving as a critical component of technology education is defined in 

the opening section of this chapter. In subsequent sections various problem 

solving models are outlined and relevant teaching methodologies are discussed 

which are employed to teach students of all abilities problem solving skills. The 

extensive use of design as the only problem solving process is challenged. 

Constructivism as the theoretical perspective as advanced by Papert is 

evaluated.  The current Junior Certificate Technology syllabus is also discussed. 

The proposed medium of teaching problem solving using Lego® Mindstorms™ 

is presented as a solution t assist pupil learning. In conclusion the emerging 

issues are recaptured and listed at the end of the review. 

 
 

II. Problem solving: Defined in Technology Education 
 

Problem solving is a popular topic of discussion in technology education, 

(McCade, 1990). A problem is defined as a difficulty that needs to be resolved; 

solving is the process to be completed in order to achieve this goal. Bingham 

(1958) defined problem solving as “overcoming difficulties encountered in the 

attainment of an objective”. Problem solving and technology education are 

linked together because most technologies are resultants of various problem 

solving methodologies, (DeLuca, 1991). Both McCade and DeLuca outline 

various problem solving processes which can be applied to technology 

education. The problem solving processes are (1)design, (2)research and 

development, (3)scientific, (4)trouble shooting, (5)debugging and (6)project 
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management. According to Custer et al (2001) problem solving can be assessed 

under two main criteria: by establishing the complexity of the question and the 

degree of goal clarity. Design plays a crucial and prominent part in this 

assessment. Problem solving has become a major issue in technology education 

due to the fact that technology is ever evolving and the memorisation of data is 

no longer needed in today’s society. Therefore providing pupils with problem 

solving skills is more useful to them. Custer et al state that “problem solving is 

deemed an essential skill for a productive life”. McCade believes that problem 

solving development skills are vital in creating an independent learner. After 

defining problem solving in the context of technology education, the following 

section outlines the various problem solving models.  

 

III. Problem Solving Models 
 

The problem solving model used in technology education (Ireland) is 

predominately the design process. Examples of this model can be found in the 

present Junior Certificate Technology Syllabus (p.10). (This particular item will 

be dealt with later in the literature review).   

There are various different problem solving models, Polya (1957), Bransford & 

Stein (1984), Layton (1993, p. 43), De Bono (1999, p. 233).  

Poyla’s model has four key stages, (a) understanding the problem, (b) devising a 

plan (c) carrying out the plan and (d) looking back.  

The Bransford and Stein model has 5 stages and is known as the IDEAL, due to 

the first letter of each component forming this word (acronym). The model 
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allows the user to Identify problems, Define them, Explore ideas, Act on these 

ideas and Look at the effects.  

Layton’s problem solving model has six key steps. Determine the need, describe 

the need, formulate ideas, select one idea, make product, test product. This 

model reflects the Irish technology classroom best. 

De Bono considers the notion that there is normal logic called ‘rock logic’ and 

design logic called ‘water logic’. He highlights words in relation to water such 

as flow (process) and to (destination). His design operations model consists of 

no less than 20 sequenced stages.   

Lavonen et al (2001) consider that the problem solving process is not linear or 

does not follow any rules or models. A sequenced approach, such as a model 

will prevent the point of (creative) problem solving. Theoretical problem 

solving models are redundant in the classroom in absence of pedagogy. The 

next section deals with the art of teaching problem solving and thinking skills. 

 

IV. Teaching Problem Solving/ Thinking Skills 
 

From examination of Anderson et al (2001, p.31) interpretations of Blooms 

(1956) cognitive taxonomy, it is evident that problem solving is a higher order 

thinking skill. If this is the case why not teach problem solving directly. Pfeiffer 

et al (1987, p.100) pose’s the same question. Gange (1980) cited in Pfeiffer et al 

has offered reasons why, teachers do not see problem solving as an important 

goal and there is no method that can successfully teach problem solving. He also 

believes problem solving capacity is factored on intellectual ability and situated 

cognition. The first reason why problem solving is not taught in school should 
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not be an issue for technology teachers according to McCade who writes that 

problem solving “has been listed as a goal of our profession since its 

inception”. Therefore the only reason why we do not teach problem solving is 

because we do not have a successful method of teaching it. Pfeiffer et al (p.100) 

understand that the solution lies in the definition of teaching itself. 

Hill & Wicklein (1998) claim that teachers are unaware of the “critical 

components of technological problem solving” and therefore use traditional 

problem solving formulas that fail in the long-term. DeLuca’s research findings 

discovered that design was used as a means of structuring problem solving and 

that the teaching methods employed by the teachers of excellence were lecture, 

discussion, demonstration and experimentation.  At the outset of his paper he 

cites experts that recommend de-emphasising these very teaching methods. 

However then concludes that these methods are required for effective learning 

to occur and that issue is the scope of the problem solving skills developed and 

not the teaching methodology.  

 

V.   Problem Solving and Design 
 

Design is the prescribed problem solving process according to the Junior 

Certificate Technology syllabus. This section evaluates design as the single 

problem solving process. “A pilot study of children’s problem solving 

processes” with design as the process was conducted by McCormack et al 

(1994). This study displays the actual rituals in the technology classroom. The 

results of the study are quite disturbing. In essence the study shows that children 

perceive the design process as a series of steps on a stairs with no link between 
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them and their aim is to get to the top. This concept reflects the view held by 

Lavonen et al (2001) and the use of the word linear. The child does not see the 

link between the stages. The actual design process should be viewed as system 

blocks, with each block looping and having feedback. The study shows that 

each individual child encounters different problems/barriers. Therefore the 

teacher needs to be equipped to help them in finding the solution by linking the 

stages. 

Skinner (1968, p.116) disagrees as he believes that “every problem solved with 

the help of a teacher is one problem less for the student to learn how to solve by 

himself”. The design process is no longer an effective pedagogy is the stance 

taken by Lewis et al (1998), who go further claiming that the process is a ritual 

and is being implemented as a “cultural approach”.            

Papert (1993,  p. 88) considers the notion that time plays a major role in solving 

problems and that pupils are under considerable time limits to complete tasks.  

However, the thin ‘veneer of accomplishment’ still hangs over the design 

process. The difficulties in teaching problem solving are discussed in the next 

section. 

 

VI. The Problem of Problem Solving 
 

Problem solving highlights many issues for the learner. Once the problem is 

posed by the teacher the learner tries to find the solution. The first issue that 

arises here is the ownership of the problem. Various authors have written in 

relation to ownership. Charles & Lester (1984) discuss the idea that what may 
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be a problem for the teacher may not be a problem for the learner. This has 

profound effects on the learner as regards intrinsic motivation.   

Lewis et al suggest a different approach; they believe that the learner should 

pose their own problems. This increases the learner’s role as a technologist. 

Charles and Lester define three factors that effect problem solving. They fall 

under the headings, affective, cognitive and experience. These are endorsed by 

Glass (1992, p.114) in Lewis et al, as in his opinion “there is no substitute for 

prior knowledge when it comes to problem solving”. Lester reiterates this point 

regarding what makes a problem difficult to solve under seven lines. Papert in 

his chapter titled “Teacher” refers to obstacles in problem solving. He 

camouflages the true meaning by playing with words such as “teacher training” 

and “workshop”. Behind the words it is clear that Papert believes that learners 

can solve problems provided that they are working in an environment that 

provides both emotional and intellectual support. Papert endorsed the 

educational philosophy Constructionism, which will be now explained in the 

next section.     

 

VII.   Constructivism/Constructionism 
 

The educational philosophy of constructivism states that, emphasis is on the 

active role of the learner in building understanding and making sense of 

information, Woolfolk (1990, p.277). Constructivism in technology education 

has a long history. For such a project as this it is important to take a theoretical 

perspective as this frames the topic. Without this theory a bias is incumbent, 

Zuga (2003).  Constructionism is a phrase coined by Seymour Papert the creator 
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of Logo. It is an educational philosophy that adds to the concept of 

constructivism. Papert (1993) describes it as an “assumption that children will 

do best for finding for themselves” (p.139). He uses an African proverb to 

explain the concept. It is better to give a hungry man a fishing line and show 

him how to fish instead of giving him a fish. Papert agrees with the statement 

that every act of teaching deprives the child an opportunity to problem solve 

(think). However this is not in the literal since, the minimalist approach to 

teaching is conveyed by Comenius cited in Skinner (p.144) “the more the 

teacher teaches the less the student learns”. This teaching approach means that 

the environment is working at optimum efficiency.  McCade’s (1990) view is 

reflective as he sees technology education changing problem solving from 

simply a means to an end, but into the end itself.  He believes that the product of 

problem solving is one of the ways to teach problem solving. The Lego 

company have remarked that many school teachers are not using the material 

(Lego® Mindstorms™) as intended (The structure of an Engineering 

(R)evolution 2000). They claim that many teachers are using the system as an 

instructivist toy rather than a constructivist toy (p. 30). 

The constructivist theory is where learning is physically active and the learner 

subtracts information from their surroundings and constructs personal meaning 

of the system studied (situated cognition). There is a noted absence of 

promotion of this pedagogy in the present technology syllabus.  
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VIII. Technology Syllabi 
 

The present technology syllabus in post primary education is the Junior 

Certificate Technology syllabus. This syllabus was later followed by teacher 

guidelines. The syllabus derives that “the essence of technology is the process of 

finding a solution to a problem” (p.4). The “design process” or TASK is 

deemed the central activity of the syllabus. A design procedural model on p.10 

can be found with no diagram to clear up the relationship between the various 

stages. However one is impressed to find that the model suggests that the learner 

should pose there own problems to solve. The model on p.56 of the teacher’s 

guidelines also does not determine the relationship between the various stages 

of the design process. The present Leaving Certificate Engineering syllabus 

found in Rules and Programme for Secondary Schools mentions design in the 

aim but no reference is made to it through out the rest of the 4 pages (P.108). 

Does the production of guidelines diminish the credibility of teachers? A 

discussion document produced by the NCCA (1993) states that “information 

processing leads naturally to problem solving”. They also discuss the “child 

centred” programming language LOGO and describe it as a tool for thinking 

with (p.17).  Research carried out after this discussion document proved that 

LOGO did facilitate and develop problem solving but the programming 

appeared to be frustrating and difficult for students, Järuinen (1998).  LOGO 

also displayed special benefits in the classroom. It catered for children who had 

poor linguistic skills (NCCA, p.20) and for bright children who were not 

challenged by the present curriculum. (NCCA, p.24). Today with newer and 

more user friendly software the possibilities are endless. Charles & Lester 
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(1984) cite Charles et al (1982) that problem solving is for everyone regardless 

of cognitive ability.  

 

IX. Control Technology 
 

This topic is very well documented with various perspectives considered using 

different media. The approach requested by the NCCA Draft Engineering 

Technology Syllabus (2000) is a systems approach to control. The study of 

individual components is unnecessary; however this should undermine that fact 

that the learner must have a basic knowledge of electronics. This view is 

reflected by Jackson & Myerson (2001) as they inform the reader 3 times in the 

first 3 pages that there is a chapter at the rear of the book providing information 

on basic electronics. 

A systems control approach focuses on the big picture and assesses the system 

in blocks rather than individual components. It places individual components 

into block and looks at the input-process-output of the system, Norman et al 

(1990). Duncan (1985) and Vaughan (1987) use a systems approach in their 

texts. However their texts are limited in questions and the learner needs a high 

linguistic ability. Oliver & Boyd (1988) formulated a detailed scheme of work 

comprising of aims and objectives to experimental projects. It must be noted 

that this is their interpretation of the English design and technology syllabus. 

There is a wealth of information about electronic control and systems on the 

Internet. Sage (2000) attempts to make teachers aware of the different teaching 

methods when teaching control and systems. He believes “it is useful to take 

pupils through examples to establish the key features” and using analogies, 
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linking control and systems to other material such as design and manufacture. 

He is cautious and shows his concern with regards to the use of computers in 

teaching control. 

 

X. Lego® Mindstorms™ 
 

The Lego® Mindstorms™ package is very well resourced with a constructipida 

and an interactive CD. There are also various texts that cover this topic. Two of 

the best selling Mindstorms™ books are by Baum and Knudsen (amazon.com). 

These user manuals are very similar in structure and content. They give a brief 

Lego construction introduction and proceed to cover a series of robots 

progressively gaining complexity in both construction and programming. 

Meadhra & Stouffer (2001) take a more sequenced approach in teaching the 

reader Mindstorms™. They use diagrams to show the robots construction/build 

up and text with pictures to explain the programming. The texts above only 

programme in RCX code with some authors using different code. ROBOLAB™ 

is a much more powerful programming language with greater ability. Erwin 

(2001) “ROBOLAB™ is the most versatile and advanced programming 

environment available for the RCX” (p.181). Icon based programming is 

recommended by the teachers in the study by Lavonen et al “the visual 

programming tools helps in programming”.  Erwin (2001) has taken a different 

approach to the structure and content of his text; he uses an anthology of 

classroom experiences on different creative projects that pupils have completed.  

The text is very user friendly and discusses various programming languages for 

the RCX; the projects are very versatile and challenging. Wang (2002) as with 
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other authors introduces the package and Lego construction. He splits the text 

into levels of difficulty and sets a series of “design challenges” accompanied 

with an assessment block that breaks down the grading process. After the design 

challenges have being completed the learner is introduced to different 

programming methods and design challenges. The concept of badges/levels and 

grading support the view held by DeLuca “that the implementation of problem 

solving activities is more than giving pupils activities”. Students can solve 

design problems beyond their self perceived solving ability by applying these 

higher level thinking skills in a learning environment that provides both 

intellectual and emotional support, (Papert).            

 

XI. Emerging Issues 
 
 
The importance of these issues needs to be taken into consideration and 

amended to ensure that a suitable learning environment is created.  

 
 Design is the pedagogy used in Irish schools 

 Control is seen as a topic for High Level Students 

 Problem solving models do not allow for divergent thinking 

 The use of different mediums for the teaching/learning control has not 

progressed 

 Books still dominate as teaching mediums not teaching resources 
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I. Introduction 
 

This section of the project deals with the strategies used after refocusing the 

research questions highlighted from the literature review. The methodology 

involves three data collecting sources, questionnaires, an interview and teacher 

classroom-based research. The research methods will be evaluated during the 

chapter. 

 

II. Research Methods 
 

The questionnaire evaluated the effectiveness of the teaching package from two 

perspectives. 

The distribution of questionnaires recorded a cross section of the views of both 

student and experienced/practicing teachers. Both groups were selected on the 

basis of convenience. The selection of the different participants creates an 

unbiased record and results in qualitative research. The same questionnaire was 

used for both groups to record consistency and reliability in the research project. 

The use of questionnaires to evaluate the teaching package solely would limit 

the research project, as questionnaires do not allow for probing and their return 

rate is poor. The personal relationship with the participating teachers will affect 

the level of criticism the teaching package deserves. The questionnaire design is 

based on the framework provided by Cohen & Manion (p, 110). ‘Guide for 

Questionnaire Construction’.  The appearance of the questionnaires with large 

writing spaces encouraged respondents; clarity of wording was also taken into 

account. The participants were provided with a stamped addressed envelop to 
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respond to and the cover letter explained the aim of the research. Due to the 

constraints of the project no coloured pages were used or thank you letters sent 

after receivership of a completed questionnaire.  

The actual questionnaire questions were tested on two student teachers. This 

highlighted areas of particular interest, for example sourcing limited information 

and grammatical errors and the average time needed to fill out the 

questionnaires. The questionnaires were typed posted or handed to participants. 

(See appendix A)  

 

The second method used to evaluate the teaching package was to seek the views 

of an experienced teacher presently using the Lego® system. Powney (1978) 

suggests that the identification of concepts which describe important ways in 

which pupils learn and study can be reviled through interviewing (p. 159). She 

also provides ‘Guidelines for Practice’ (p. 117).  It was difficult to find teachers 

using such a system in the classroom, as a constructivist tool rather than an 

instructivist tool. However one candidate was approached after teaching 

practice. A formal semi-structured interview was conducted. The semi-

structured interview allowed for the experienced teacher to express opinions and 

views not capable of doing so in the questionnaire. The completely informal 

interview is described by Cohen & Manion as taking pressure off the 

interviewer and the points to be covered. The interviewer guided the orientation 

of the interview and this was extremely useful in the pilot study. The interview 

turned out to be more conversational in nature. Due to the fact that only one 

interview was conducted, this limits reliability, previous interviewing 

experience in a past Education Module (EN4006) this was not a major factor. 
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The advantages of the interview as a technique for research are out lined by 

Cohen & Manion (p. 308). They consider that it allows for greater in-depth 

conversation with probing and recalling points possible. It is also prone to 

‘subjectivity’ and ‘biases’ on part of the interviewer. To limit this, a semi-

structured interview was conducted and guiding questions and pointers were 

prepared before the event. Burroughs (1971) opinion on interviewing is that 

reliability is low but that validity is very reasonable (p. 103).   

 

 

The third and final research method used to evaluate the teaching package was 

to analyze/review selected teacher notes on the lessons using the teaching 

package and the Lego® system. This tested the teaching package for 

practicality. The pupils learning and reactions to the system were filtered 

through the experienced teacher providing unbiased information that needs no 

further analysis. This was seen as the pupil’s evaluation of the proposed 

package mediated and analysed by the teacher.  

 

As with any written documents they are prone to personal interpretation. To 

limit personal interpretation notes of low inference were requested.  

 

III. Software  
 

A problem discovered during the initial research of the teaching package was 

that two programming languages could and were being used for the RCX. There 

were no governmental documents guiding the educator to select the best 
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programme. However in February 2004 the NCCA published guidelines for 

Primary School Level software selection, the NCTE also have a framework for 

guiding teachers in the evaluation of software. The NCTE framework is quite 

comprehensive and was used to evaluate the ROBOLAB™ and RCX 

programming environments.  (Appendix B) The findings can be found in the 

findings/results chapter. 

 

 

IV. Research timeline 
 

The research took considerable time from designing the teaching package to 

evaluating its use in the technology classroom. The control electronics section 

was completed in over four weeks with the robotics section taking considerably 

longer from design to learning the programs. The evaluation period was 

inadequately planned for and more time should have been devoted to it.      

 

 

V. Effectiveness of research strategy 
 

The limitations of the three different strategies have been considered under the 

methods section. However they are satisfactory for a project such as this. The 

ideal position to evaluate the teaching package is for the creator/ author to use it 

in the classroom setting under the ideal conditions. This is not possible therefore 

teachers and student teachers are required to evaluate it based on their 

experience and opinions. Triangulation as defined by Cohen & Manion (p. 269) 
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as “the use of two or more methods of data collection in the study of… human 

behaviour” has being achieved, hence ensuring creditability and validity of the 

research. Another limitation of the evaluation was the amount of time required 

to actually evaluate the teaching package. A considerable allowance was 

required and the time guide on the front page did not reflect this.   
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Chapter 4 Results / Findings 
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I. Introduction 
 

This chapter is divided into a thematic approach; under each heading a specific 

area is considered. A population analysis is described for each of the individual 

data gather sources to frame the discussion.   

 

II. Cohort Statistical Data/ Data analysis 
 
Questionnaires  

A total of 15 candidates were administered questionnaire through post and hand. 

12 completed questionnaires were sent back giving a response rate of 80%. This 

proved to be higher than the expected response. The resultant ratio of practicing 

teachers to student teachers was 8:4. A sum total of 111 teaching years was 

recorded between the eight experienced teachers. This further heightens the 

credibility of the research findings. The gender issue of participating female 

teachers was concisely kept low to mirror the technology teaching profession 

ratio. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1      
 

0

5

10

15

Male Female

Respondants Gender



 

 - 33 -   
    

Subjects taught by all practicing and student teachers were in the field of 

technology. And the deduction can be viewed in fig 2.  

 

 

 

 

 

 

 

 

 

Considering the small numbers of questionnaires no scale scoring or rank 

scoring was conducted, the only scoring implemented was response and 

respondent counting, as described by Tuckman p. 24. (1987). This involved the 

coding and marking of responses and recording them on a scale factor.  

 

Interview  

The interviewee was approached through e-mail initially and once a rapport was 

established, contact became more informative. Agreement for an interview was 

achieved and the arrangements were confirmed. The interview was 

conversational/discussion based with the interviewer raising and posing points 

of interest. Questions were not asked in order to what was prepared as some 

questions lead more naturally into others. The main points to be extracted from 

the interview were personal base and related to values and beliefs of the 

interviewee.  The ‘insider stories’ experiences and accounts catered for 

Subjects Taught

0 5 10

M etalwork

Engineering

Technical Graphics

Technical Drawing

Technology

Number of Teachers

Experienced
Teachers
Student Teachers

 



 

 - 34 -   
    

qualative research. The interviewee views the Lego® system as an introduction 

to control and robotics, and has a strong belief in the use of resistant materials to 

develop skills at both a cognitive and vocational technical level.  

 

Teacher classroom based research 

The third method of data collection that was used involved the analysis of the 

same teacher’s classroom based research notes. The notes were assembled by 

the teacher and forwarded with the questionnaire. From the first reading they 

did not make much sense but after clarification of some points during the 

interview and a time lapse points started to emerge.  

 

Software evaluations 

The final findings are in relation to the programming languages. Both 

programming languages were evaluated under the NCTE framework as opposed 

to the NCCA guide as mentioned earlier. The framework can be viewed in 

appendix B with the results for the RCX code™ and Robolab™ in the same 

appendix. The framework is broken down into 6 categories and both 

programmes scored high in each. 

 

III. Mixed Ability 

 
The most prominent issue to arise from the evaluations was that the teaching 

package did not cater for mixed ability and it was geared towards the ‘Higher 

Level Student’. Comments from questionnaires such as the teaching package 

‘assumes a lot of knowledge is present already’ before the package is to be 
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implemented. Another stated that ‘the material is useful support material; 

however it is geared towards the honours. Probing this during the interview he 

reassured me that the ability level was set at a high standard. We also discussed 

the task sheets and the level that they were pitched. The exam question structure 

should be incorporated where the problem requires more thought the further one 

goes and everybody has success at some level. However this was not the view 

held by most questionnaire respondents as 9 respondents rated the task sheets 

effectiveness very good.    

 
 

IV. Structure and Layout 
 
 
Structure and layout was rated high in both the questionnaires and the teacher 

classroom based research. The results for the questionnaire are shown in fig 3.  

 

 

 

 

 

 

Figure 3 

 

One teacher wrote that the aims, objectives, evaluation pages would be helpful 

in planning a scheme of work for the topic. The structure and layout was 

deemed the strongest aspect of the teaching package, with the meta-cognitive 

development capabilities of the teaching package selected by two respondents.  
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V. Gender Bias   

 
A gender bias was noted by three experienced teachers and one student teacher 

(female). The reasons for the gender bias were quite different. The material used 

Lego® was noted as a boyish material and that girls would not adapt to it. 

Another noted that the task sheets were predominately of male subjects and that 

such topics as home care and childcare should have being incorporated into the 

questions. This topic was raised in the interview as this candidate believed that a 

bias was existent from his questionnaire. When mention of this and linking to 

his classroom-based research issue of girls wanting to work in their own groups 

he deemed this as a problem with Lego® and not construction sets in general 

from his experience.  

 

VI. Teaching Package Suggestions 

 
From the various data gathering sources a list of teaching package possible 

modifications was assembled. 

• Incorporate more design tasks 

• More diagrams, less text 

• Underline definitions 

• Distinguish between higher and ordinary level topics 

• Relate to resistant material more 

• ‘input-process-output’ relationship in robotics 

• possible integration of RCX into LC projects 

• Selection one programming language  
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VII. Views Expressed 

 
A serious of different views were expressed through the questionnaires and the 

interview. One participant suggested that logic systems may be two advanced 

for leaving cert pupils, even though it is outlined in the syllabus. The 

practicality of Lego® as a medium to learn how to learn was deemed 

manageable by most teachers. Experienced teachers noted that classroom layout 

may be problematic.  The belief that Lego® can assist in the understanding and 

learning of control and robotics was widespread, but only as a small element of 

the syllabus.  

The concept of Lego® as the sole medium of technology education was raised 

during the interview, the concept received a severe criticism and the example 

used by the interviewee follows:  

 ‘it is simple to design and make a gear train from Lego, but to 

 make it from resistant materials it takes a lot more thinking (i.e.) 

 marking and measuring, alignment’. ‘The use of resistant 

 materials reflects the real world’.   

 

When seeking clarity on this point the opposition of vocational/technical skills 

was expressed in favour of cognitive skills. He reinstated that both cognitive 

and vocational skills lie side by side. When the notion of Lego® deskilling such 

operations as drilling and measuring was made, his opposition was noted and re-

emphasised the point that pupils  learn more from actually doing all these 

operations rather than ‘simple assembly’ as with Lego®.  The interviewee went 

further defining his meaning of vocational skills.  
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Other issues relating to management and the continually difficulty of having to 

store pieces, break up of models, pictures, size limitations were discussed. He 

strongly believed that the RCX should be used as an integration part of a 

Leaving Cert project. However the rest of the project must be made from 

resistant materials. 

 

VIII. Organisation 
 

It was clear from the interview that the setup of such a system and management 

would be difficult in any school type; however with teacher persistence it could 

be achieved. The teacher classroom based research notes were regarding 

organisation and set up in nature. The management issues such as circuit, 

moving groups and rotation flowing were all used to test and see what method 

worked best.  

 

IX. Other Prominent Points  
 

 Motivation of pupils using Lego® 

 ‘mindset’ pupils using technology 

 interactive (similar to what they are used to) 

 perseverance in the classroom   

 Girls working in groups independent of boys 

 Organisation of own learning 

 Engaged in problem solving 
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X. Software Selection 
 

This problem arose after the Mindstorms™ set was purchased. The 

Mindstorms™ set is programmed using RCX code. It uses a very effective flow 

diagram approach that can solve problems. With the introduction of 

‘Mindstorms™ for Schools’ and Robolab™ as the programming language this 

questioned what software should be selected. Robolab™ takes considerably 

longer to become proficient in but allows for greater programming depth. 

Official learning curves have not been produced or published for either 

programming language. From a diary (dates and programming events) a curve 

can be plotted for both programming languages. (Appendix C)     

 

 

 

 

 

 

 

 

 

Figure 4. 
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curricular use in the new Junior Cert science syllabus. The icon based 

approached was selected by most teachers with such reasons as ‘similar to 

AutoCAD’ and ‘easier to read’. The bar chart below shows the breakdown of 

results from the questionnaire.  

  

   

   

 
 
 
 
 
 
 
 
 
 
Figure 5 
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I. Introduction 
 

The purpose of the research project was to design and produce a teaching 

package for the proposed technology syllabi at Leaving Certificate level. The 

use of Lego® Mindstorms™ was the media used to promote and develop 

technological problem solving skills. The various hypothesis posed at the end of 

literature review will be discussed with the findings from the different data 

collecting strategies employed. The first discussion limitation of the project is 

that both syllabi will only be implemented after the overhaul of the two junior 

certificate syllabi. This will take considerable time to implement with limited 

human and finical capital. It can be said that the project has being conducted in 

a vacuum due to the participating teacher’s knowledge of the new syllabi. 

 

II. Problem Solving: Redefined in Technology Education 
 

Technology education integrates practical skills with problem solving to 

produce an end product. The present technology syllabus and proposed 

technology syllabi focus on design and realisation as its central theme. As noted 

earlier in the literature review, problem solving is broken into six various 

processes. The technology syllabi only emphasises one of these six recognised 

processes, design and realisation are the processed noted however the realisation 

is a resultant of all processes. Therefore the definition of technology in the Irish 

context is Design. The redefinition of problem solving in technology education 

must include elements of all six sections as listed in the literature review to cater 

for a border more balanced subject. 
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III. Teacher’s use of books to interface with syllabi 
 

From the subsequent evaluation and analysis of the teaching package it was 

evident that the syllabi were not studied in great detail by teachers. Only two 

questionnaire respondents proposed new content for the draft syllabi and noted 

that pneumatics was not present in the teaching package but was present on the 

syllabi. This made it clear that teachers use books to interface with the syllabi. 

Also the relationship between other subjects such as maths or science was not 

noted in the responses displaying technology as a balkanised subject. This 

interface allows for a serious bias on part of the author and publisher. This bias 

can be further intensified by the teacher when areas of particular interest to 

her/him are emphasised more than others.  

 

IV. The New Technologies Instructivist Tools 
     

The literature review notes the problem of an instructivist methodology as a 

concern of the Lego ® Company; however it is much more than just their 

problem.  This is the case with many new technologies; a prime example of this 

is the use of computers in schools. While the focus of the research 

methodologies was to test the practicality of the teaching package, other issues 

arose upon inspection of the responses. The vision of one respondent for the 

Lego® system was that it ‘would be a perfect compliment to a theory class to 

demonstrate practical application’. This statement states the obvious, that the 

use of the Lego® system by this teacher would be for demonstration purposes 

an instructivist teacher tool rather than a pupil/teacher constructivist tool. The 
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respondent believed that most pupils may have used Lego® before, but deems 

this experience irrelevant by using it as an instructivist tool. A re-examination of 

the statement, one scenes an air of accomplishment and that such a system 

(Lego®) would only compliment an already sufficient/perfect learning 

environment. 

 

V. Technology Syllabi 
 

From the opinions and views expressed by teachers in relation to the context of 

the proposed syllabi, one particular respondent believed that a lot of knowledge 

was ‘assumed’ and the implementation of these syllabi would only occur after 

the junior cert levels have being updated taking into account the new junior cert 

science syllabus. The level at which the teaching package was pitched was an 

issue for one candidate, who went further and wrote ‘it should cater for less 

able students’ then a comparison between the percentage of italic print on the 

syllabi as opposed to normal font  was made. 

From a detailed examination of both syllabi the technology syllabi states in 

normal text ‘programme a robotic device to do specific tasks’ and for higher 

level students in italic print ‘modify outputs in response to sensed condition’. 

The engineering technology syllabus promotes the use of control devices for the 

solving of design problems. Then states further in italics ‘construction of a 

model unit incorporating a control device’. This means that the syllabus for 

ordinary level students can be completed by a teacher demonstration, hence 

promoting instructivisism. The level division lines are clear and with the above 

in mind the Lego® systems are not justified at ordinary level. They are however 
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justified at higher level. This again leads to the question, is problem solving for 

everybody? The case with the proposed technology syllabi is that problem 

solving is only for the higher level student. The bipartite means that the only 

requirement for the ordinary level pupil is to ‘do’ and for the higher level 

student is to ‘think and do’. For example with robotic control feedback is a 

fundamental element of operation, the sensing of the external environment 

makes pupils ‘think’ about what will happen if..? This thinking will lead to 

complex thought processes that results in a programme that will operate the 

robot performing tasks sensing the environment. However if the robot is not 

required to sense the surroundings all it and the pupil need is to ‘do’ and not 

‘think’,  Forward 10 sec - Turn right 3 sec. The promotion of two different 

subject levels is not the issue, the issue is, is problem solving is for everybody? 

 

VI. The teaching package 
 

With the main emphasis of the research dealing with the teaching package 

various issues relating to its effectiveness (from optimism) to partiality in the 

classroom emerged. The task sheets were designed as a means of evaluating the 

individual modules and were questioned by the questionnaire and the interview. 

Substantial information was received in the questionnaire regards their 

construction, effectiveness and catering for mixed ability. One teacher requested 

that the test base questions only suit higher levels and that textual information is 

not the preferred learning medium. The need for visual prompts was stressed 

due to reading ages of some pupils. These issues are quite valid after my limited 

personal experience in the classroom. However what became transparent was 
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the notion that less able students require lower cognitive questions such as recall 

and application (experienced teachers). Student teachers deemed the package 

applicable for all levels and the level would be dependant on the teacher’s 

methodology. The gender issue was an area that struck most daunting especially 

after receivership of a number of questionnaires that found a gender bias. This 

area was not probed enough by the questionnaire so the interview provided a 

perfect method to reproach the issue. During interviewing the gender topic was 

raised and discussed. From the interviewees experience he believed that the task 

sheets were relating to boyish topics and that more feminine topics should be 

included. He also noted that when using the Lego® system girls preferred to 

bunch together in girl only groups, this was not the case with Fisher® 

Technic™. He regarded this as a problem and this interaction gap could be 

serious if prolonged use of the Lego® system occurs. The Lego® company are 

in knowledge of this fact with there introduction of feminine products such as 

Clickets™ and the Ello™ geometric system’s from Mattel®. Noble’s Executive 

Summary ‘Educational Impact of Lego Dacta Materials’ notes the same 

findings as she quotes various authors who regard boys dominant and 

patronising towards girls when using such construction sets. Girls can reach 

higher levels of success in same sex groups; she informs the reader that group 

construction is also a factor and that self-selecting groups were mostly single 

sex but regards this as a matter of disposition rather than gender. For this 

package/syllabus to be implemented areas for concern and improvement are pre-

service, in-service and capital.  The pre-service training must equip teachers 

with the skills and methodologies required to research such topics 

independently. It must also assist teachers to visualise the environs in which 
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pupils learn best with problem solving at the centre of their pedagogy. In-

service should be used as a forum to discuss and update skills while allowing 

the teacher to persevere in his/her area of interest.    

 

VII. Teaching methodologies for new technologies 
 

Teaching methodologies for new technologies will vary dependant on the 

system. However to integrate such technology systems into the technology room 

both flexibility and perseverance are vital. Sage understands that electronic 

control systems should be used in projects and that a sequenced build up of 

examples is necessary. This methodology is common practice with many other 

topics. The teaching methodologies noted by the ‘Study of Educational Impact 

of Lego® Dacta Materials’ were of three distinct regions.  

“exploration”  teacher explains, student building 

“investigation” real life simulation 

“problem solving” open ended combines knowledge, skills and creativity. 

The interviewee was in the early stages of integrating Lego® to the classroom 

and his thoughts were reflective on management and set up of the material 

rather than pedagogy. However he believes that Lego® develops skills such as 

co-ordination, thinking and spatial intelligence. From analysis of his field notes, 

questionnaire and interview his adopted pedagogy was constructivism. Papert 

along with various authors use the term novice learner/problem solver when 

referring to pupils. He considers the idea that an expert learner/problem solver 

in that particular field should display their skills, as a tradesperson would do to 

their apprentice. This idea is again reflected by the Lego® materials as pupils 
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activities move closer to the actions of technologists. Before this students were 

taught about technology but now they get to be technologists. In DeLuca’s study 

of problem solving implementation by expert teachers, he raises the concept that 

a hierarchal paradigm for problem solving implementation may exist. The 

methodologies used most frequently were lecture, discussion and demonstration. 

These represent a hierarchal within problem solving. However upon reflection 

he suggests that the application of these less frequently may prove to better 

problem solving skills. The pedagogy displayed by McCade is rather different in 

his discussion topics of design, troubleshooting and impact assessment of 

technology. He offers no solutions but poses questions, ideas and examples of 

his teaching.   Järvien considers that the media used to teach technology is 

sufficient providing that pupils both work and learn fostering creativity and 

discovery. The notion of pupils problem posing and self assessment is also 

reissued. The philosophy to be taken regardless of methodology is 

constructivism.  
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Chapter 6 Conclusion 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 - 50 -   
    

I. Issues of concern 
 

The redefinition of problem solving in technology education is vital and needs 

serious consideration in both new and draft syllabi. Design as a singular 

pedagogy is insufficient and lacks diversity in problem solving. Lego® 

Mindstorms™ as a medium for learning control and active practice of problem 

skills is encouraging but needs further research in the classroom. Problems are 

best posed by pupils themselves within certain constraints. The design process 

as a formula does not cater for the true meaning of problem solving. Problem 

solving models are theoretically sound but should not be used as a step by step 

process as demonstrated in the McCormack et al study. For pupil learning to 

reach optimum efficiency, teaching about the topic should be limited, with 

pupils thinking and doing at various levels unlimited. As methodologies vary in 

consistency from the cited research, they should be used with conscious analysis 

and development to suit the needs of pupil’s for best learning. With the pace of 

technological advancements a constructivism teaching approach must be taken 

to provide pupils with the skills to further develop their knowledge and 

understanding of technology. The key components of technology education are 

broad and far reaching, as outlined in ‘A Framework for Provision’ (NCCA). 

However the definition of problem solving is not considered, only that problem 

solving is a component of technology education. Problem solving variables such 

as time and situated cognition are not evaluated in the documents. The gender 

issues regarding construction kits needs to be further researched to limit their 

impact. The use of textbooks in the class room as an interface with the syllabi 

documents also needs to be addressed.  
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II. Recommendations 
 
From the conclusion a list of recommendations are listed, the list order is not 

necessarily in particular magnitude. 

 

 Problem solving is a crucial component of technology education, 

Design, project management, troubleshooting-debugging, research 

and development and scientific processes must be given the same 

emphasis for a broad and balance technology education. 

 The use of a wide variety of teaching methodologies and mediums 

will cater for greater learning. 

 The new technologies should be marketed and produced as 

constructivist tools for pupils rather than instructivist tools for 

teachers. 

 The NCCA’s promotion of two different thinking levels ‘doing’ 

‘thinking and doing’ needs reconsideration. 

  Software evaluation requires extensive time to produce conclusive 

results. Therefore the syllabi should list a choice of possible software 

for pupils to use for particular topics within subjects and across the 

curriculum. (Similar to the book lists in the Rules and Programme 

for Secondary Schools p. 108). 
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This questionnaire is being used as a means of evaluating the control and 

robotics teaching package. The teaching package is designed in accordance with 

the NCCA draft Engineering Technology syllabus (2000) {See front of teaching 

package for syllabus}.  The responses and views expressed will benefit me as a 

student teacher to sense the opinion of experienced teachers and student 

teachers.  

 

Your thoughts, views, opinions and experience are vital and are appreciated. 

 

Thanks for your time. Approx 20-25 min 

 

Anthony Carty 

_________________ 

 

 

 

 

 

1. How many years teaching experience have you? 
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_____________________________________________________________ 

2. What subjects do you teach? 

_____________________________________________________________ 

3. How do you find the structure and layout of the teaching package? 

Very poor poor  average good           verygood 

 

Reasons______________________________________________________

_____________________________________________________________ 

 

4. Has the teaching package a logical sequence? 

 Yes     No 

 

5. Is the content of the teaching package complementary of the proposed 

(draft) syllabus? 

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________ 

 

6. Are there any areas (a) missing (b) that you feel needs more work on (c) 

absent from the draft syllabus? 

(a)___________________________________________________________

(b)___________________________________________________________ 

(c)___________________________________________________________ 

7. Did you notice any areas that had insufficient content and that moved on 

to the next stage (missing detail). 
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_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________ 

 

8.   What do you find particularly weak about the teaching package? 

_____________________________________________________________

_____________________________________________________________ 

_____________________________________________________________

_____________________________________________________________ 

 

9. What is the strongest aspect of the teaching package? 

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________ 

 

10. Do you feel that the teaching package has catered well for mixed ability? 

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________ 

 

11. Do you think the task sheets are usable and challenging for pupils of all 

levels? 
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_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________ 

 

12. Did you notice any gender bias in the teaching package? 

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________ 

 

13. Do you think that the use of Lego® is practical in the technology 

classroom? 

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________ 

14. Do you feel that Lego® Mindstorms™ has the capability to help pupils 

understand control and robotics? 

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________  
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15. Could you see your pupils using such an operating system in the near 

future if not all ready?  

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________ 

 

16.  From your reading of the teaching package what programming language 

would you use? 

Mindstorms™ flow diagram   ROBOLAB® icon based 

Reasons 

why__________________________________________________________

_____________________________________________________________

_____________________________________________________________ 

 

17. Could you see your self using this teaching package if the syllabus was 

implemented? 

No  Yes 

 

18. Have you any suggestions or other views that you would like to express? 

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________ 

Thank you, 
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Robotics invention system 2.0 

Publisher: The LEGO Group 

Age group: Primary – undergraduate 

Curriculum areas: Maths, Technologies 

Year of publication: 2000 

Pc and Mac Compatible 

Windows® 98/ME 

USB port required 

Recommended price: 300 Euro 

 

 Summary 

Programming environment sold with the home edition, flow diagram format, 

linguistic ability required, one person operation, excellent introduction and skill 

building stages, on screen videos. 

 

 Over view of teaching with this title. 

(a) Curriculum support, both drafts technology and engineering technology 

syllabus. 

(b) Objectives: identify and apply control devices in solving design problems. 

Construct a control loop. Computer interface control. Robotics. Feedback.  

(c) Yes as screen size is adjustable, visual ability is required though. 

(d) Yes, pupils can test their own ability and progress at their speed. 

(e) Programming different devices. 

(f) Individual or pairs 

(g) Strength = pupils learn independent of the teacher, makers of meaning, 

externalise their learning, follow life pattern (i.e.) make, test, modify. 

      Weakness = limited power of programming, two inputs, one output (type) 

understanding of flow diagrams necessary. 
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 Content. 

(a) Yes 

(b) No 

(c) Yes 

(d) Yes 

(e) Yes 

(f) Logical sequence is used, videos and clear explanations, saving and naming. 

(g) Taps into visual, linguistic, cognitive and spatial mata-matically abilities. 

 

 Design and navigation 

(a) Yes 

(b) Yes 

(c) Yes 

(d) Yes 

(e) Yes, you can save programmes and record their content in the Vault. 

(f) No feedback the programme will execute regardless unless there is a serious 

fault present. 

(g) No, there is no method of printing records to see how pupils are progressing. 

 

 Installation and use 

(a) Manual on a once of basis. 

(b) Yes 

(c) Yes, after setting up process 

(d) Yes 

(e) No 

 

 Supporting documentation 

(a) Yes 

(b) Very clear 

(c) No 

(d) No notes supplied 
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(e) Yes 

(f) The consructipidia is very useful for pupils who have not used Lego® 

before. It displays best practice and ideas. 

  

‘Mindstorms for schools’ ROBOLAB™ 

Publisher: National Instruments LabVIEW 

Age group: Primary level – postgraduate 

Curriculum area: Maths, Technologies, science, engineering. 

Year published: 2002 

PC and Mac 

Windows® 95 or higher 

Recommended price: 70 Euro 

 

 Summary 

This software is a different means of programming the RCX. The language is 

icon based and uses a visual format.  

 

 Overview of teaching with this title. 

(a) Similar to the RCX software, allows for easier use and then greater 

complexity.  

(b) Yes, however it is also eyesight dependent, but the linguistic ability is 

requires using the help option. 

(c) Yes 

(d) Programming robots and device control devices 

(e) Individual or pairs 

(f) Strength = cater for all levels, executable programmes, direct feedback. 

 Weakness = introduction build up  

 

 Content 

(a) No 

(b) Yes 
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(c) Yes 

(d) Yes 

(e)Different challenges and missions to complete 

(f) Yes, various, linguistic, scientific, mata-matically, visual and spatial.  

 

 Design and Navigation 

(a) Yes 

(b) Yes 

(c) Yes 

(d) Yes 

(e) Yes 

(f) The feedback is immediate and the problem is highlighted for the learner to 

solve.  

(g) Record keeping is not necessary in this software. 

 

 

 Instillation and use 

(a) Manual once off 

(b) Yes 

(c) Yes 

(d) Yes 

(e) No 

 

Supporting documentation 

(a) Yes with 2 posters 

(b) Very both on paper and on screen 

(c) Yes  

(d) Yes, however they have to be bought separately 

(e) Yes 

(f) Need to be bought separately 
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Robolab™ 

Purchased in August 

 

Basic pilot level - 2.5 hours- Fri 8th –Sun 10th  + 2 hours- Sat 16th –Sun 17th Sep 

(outputs, modifiers, wait for, functions, Help menu) 

 

Inventor levels 

Tasks (splits, starts/stops) Thur 21st –Fri 22nd 2 hours + Sun 24th 1.5 hours + 

Wed 27th 1 hour 

 

Structures (Loops, Jumps, Forks)   Sun 31st 2 hours+ Mon 1st –Tue 2nd 3 hours  

 

Containers (maths, timers, sensors) Sat 6th Sept 1.5 hour + Wed 10th 1 hour + 

Fri 12th 2 hour 

 

Events (monitor, modifiers, setup, thresholds) Sun 14th Sept + Mon 15th  4 hours 

 

Music (notes, octaves, playing) 3+ hours 

 

Investigator (programming, data-logging, reporting) 21st  -22nd  Dec + Teaching 

Practice time 6 hours. 

 

Total hours 32 not including building the devices 
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RCX code 

 

Missions  4 hours 

Challenges  5 hours 

Pro-Challenges 15 hours 

Including below at different levels 

 

1. Big Blocks 

2.  Small Blocks 

3. My Blocks 

4. Wait 

5. Repeat Functions 

6. Yes or No 

7. Sensor watchers/stack controllers 

        

Total hours 24 including building. 
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